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PURPOSE OF DOCUMENT

This Sampling and Analysis Plan (SAP) has been developed for the
RCRA Facility Investigation (RFI) activities at Carswell Air Force
Base (Carswell AFB). Procedures outlined in this plan are designed
to describe the collection of geologic data, hydrologic data,
environmental samples, laboratory analysis of those samples for
potential contaminants, evaluation of the analytical results and
field measurements with respect to quality control data and the
interpretation and analysis of QA/QC reviewed data. The plan will
be effective after final approval.

The success of Carswell AFB’s Installation Restoration Program
depends on team effort and total dedication from parties involved.
Therefore, efforts will be focused on achieving and maintaining
compliance with this Sampling and Analysis Plan and pertinent
regulations.

The point of contact for this investigation is as follows:

Mr. Chris Hobbins

Team Chief (TC)

HQ AFCEE/ESB

8001 Inner Circle Drive

Suite 2
Brooks AFB, Texas 78235-5328
Phone: (210) 536-5261

3517-0111.10



SAMPLING AND ANALYSIS PLAN (SAP) 187 08
DISCLAIMER NOTICE :

This Sampling and Analysis Plan has been prepared for the United
States Air Force by Law Environmental, Inc. for the purpose of
aiding in the implementation of a final remedial action plan under
the Air Force Installation Restoration Program (IRP). As the
report relates to actual or possible releases of potentially
hazardous substances, its release prior to an Air Force final
decision on remedial action may be in the public’s interest. The
limited objectives of this plan and the ongoing nature of the IRP,
along with the evolving knowledge of site conditions and chemical
effects on the environment and health, must be considered when
evaluating this report, since subsequent facts may become known
which may make this plan premature or inaccurate. Acceptance of
this sampling and analysis work plan in performance of the contract
under which it is prepared does not mean that the Air Force adopts
the conclusions, recommendations or other views expressed herein,
which are those of the contractor only and do not necessarily
reflect the official position of the United States Air Force.

Copies of this plan may be purchased from:

Government agencies and their contractors registered with the
Defense Technical Information Center (DTIC) or should direct their

requests for copies of this work plan to:

Defense Technical Information Center
Cameron Station
Alexandria, VA 22304-6145

Non-government agencies may purchase copies of this document from:

National Technical Information Service (NTIS)
5285 Port Royal Road
Springfield, VA 22161

3517-0111.10



SAMPLING AND ANALYSIS PLAN (SAP) 187 07
PREFACE

Law Environmental, Inc. (Law) was contracted by the U.S. Air Force
Center for Environmental Excellence (AFCEE) to perform a RCRA
Facility Investigation (RFI) at two sites at Carswell AFB, Texas.
The two sites to be investigated include: Unnamed Stream (IRP Site
SD-13/SWMU 64) and POL Tank Farm (IRP Site ST-14/SWMU 68). The
primary objective of this field investigation is to investigate the
extent of soil and ground water contamination at each site and
assess the overall environmental status of the sites in order to
support the recommendation of appropriate further actions. Project
objectives will be achieved through the use of the following
methods of investigation: geophysical and geochemical surveys;
soil and ground water samples for field screening and laboratory
analysis; and surface water and sediment samples for laboratory
analysis.

The SAP outlines the site objectives, the data quality objectives,
the field activities, sample collection, and laboratory analytical
procedures required for the RFI at Carswell AFB.

The SAP is composed of two documents - the Quality Assurance
Project Plan (QAPP) and the Field Sampling Plan (FSP).

The QAPP consists of detailed information on defining and assuring
that the Data Quality Objectives (DQOs) are achieved. DQOs are
considered through various project tasks, including writing of
plans, field work, and laboratory analysis. The QAPP delineates
the procedures necessary to achieve DQO goals.

The FSP describes field tasks necessary for implementing the
project objectives. Field tasks are described in detail to ensure

that the DQOs are achieved during field activities.

3517-0111.10
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Mr. John O’Brien is the Project Manager for the RFI. Members of
the field investigation team will be selected prior to commencement
of field activities.

The QAPP was prepared by Ms. Darice Kurtzer and reviewed by Mr.
Jerry Preston and Mr. Fred Sharpe. The FSP was prepared by Mr. Jim
Beaver and Ms. Darice Kurtzer and reviewed by Mr. Jerry Preston and
Mr. Fred Sharpe.

The support and assistance of Mr. Chris Hobbins (AFCEE) and
personnel at Carswell AFB are greatly appreciated.

S 3 O =) Wa

“John F. O’Brien E. Fred Sharpe! & P.E.
Project Manager Principal

{0 0O - o

Louis S. Karably, P.E.
Program Manager

3517-0111.10
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1.0 QUALITY ASSURANCE PROJECT PLAN 187 49

1.1 INTRODUCTION

This RCRA Facility Investigation (RFI) Quality Assurance Project
Plan (QAPP) is provided in support of the United States Air Force
(USAF) Installation Restoration Program (IRP) for two sites located
at Carswell Air Force Base (Carswell AFB), Texas. This
investigation will adhere to those procedures specified by the RFI
Guidance EPA 530/SW-89-031 and Provision VIII RCRA Facility
Investigation of the permit issued to Carswell AFB by the Texas

Water Commission (TWC) on February 7, 1991. Only the parameters of
concern (Section 1.2.2) will be investigated; there is no evidence
that other chemicals listed in 40 CFR 264 Appendix IX have ever
been used at or adjacent to the two sites. This investigation will
be supplemented by the Air Force Center for Environmental
Excellence (AFCEE) in the Handbook to Support the Installation
Restoration Program (IRP) Statements of Work: Volume I - Remedial
Investigation/Feasibility Studies (RI/FS) (AFCEE, 1991).

1.1.1 The U.S. Air Force Installation Restoration Program

The objective of the Air Force IRP is to assess past hazardous
waste disposal and spill sites at Air Force installations and to
develop remedial actions consistent with the National Contingency
Plan (NCP) for those sites which present a threat to human health
and welfare or the environment. Additional information regarding
the Air Force IRP is discussed in Section 1.0 of the Work Plan.

1.1.2 Purpose and Scope

The Sampling and Analysis Plan (SAP) describes those procedures
necessary to perform a quality controlled sampling effort during

3517-0111.10 1-1
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the execution of the project’s scope of work. The activities
addressed by the SAP include:

Installation of monitoring wells

Soil borings

Acquisition of ground-water, surface and subsurface soil,
surface water and sediment samples
Decontamination of equipment

Calibration of field instruments

Aquifer (slug) testing

Maintenance of laboratory and field QA/QC
Geophysical survey

Chemical analysis

Preventative maintenance

Data quality assessment

Corrective action

Quality control (QC) checks

Quality assurance (QA) audits and reports

Specific quality control requirements are specified in Appendix A.

1.2 PROJECT DESCRIPTION

Carswell AFB is located in northeastern Texas, in Tarrant County,
six miles west of downtown Fort Worth, as shown in Figure 1-1.
This RFI for Carswell AFB will investigate the two sites listed
below:

Unnamed Stream (IRP Site SD-13/SWMU 64)
Petroleum, 0il, Lubricants (POL) Tank Farm (IRP Site ST-
14/SWMU 68)

Detailed site maps are presented in Section 2.1. The RFI for each

site 1is designed to evaluate the presence and extent of

3517-0111.10 1-2
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LOCATION MAP OF CARSWELL AFB
CARSWELL AFB, FORT WORTH, TEXAS
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contamination. The following sections present the project

background, scope and objectives.

1.2.1 Proiject Background

The two sites included under this RFI were identified as possibly
contaminated sites through the efforts of the Installation
Restoration Program Phase I Records Search Report (CH2M Hill,
1984). Information from that report is supplemented by information
from the literature and from the general findings of studies
conducted by the Radian Corporation (Radian, 1986, 1991).

1.2.1.1 POL Tank Farm Site (TRP Site ST-14/SWMU 68) - The POL
Tank Farm is located in the east area of Carswell AFB, west of and
adjacent to Knight’s Lake Road and north of Hobby Shop Road (Figure
1-2). The Fuel Loading Area is east of Knight’s Lake Road.

Three aboveground POL storage tanks currently are in place at this
site and an additional three tanks have been removed from the site.
Leaking underground POL lines are suspected to have released an
undetermined amount of fuel products into the soil and ground water
at and south of the POL Tank Farm during the early 1960s. The
leaking lines were reportedly located and replaced and no further
fuel releases were documented after 1965. Previous studies
(Radian, 1986, 1991) have found evidence of contamination by
organic compounds, including ethylbenzene, benzene, chlorobenzene
and total xylenes. Lead and chromium in excess of Maximum
Containment Levels (MCLs) were also detected in the ground water at
this site.

1.2.1.2 Unnamed Stream Site (IRP Site SD-13/SWMU 64) - The Unnamed
Stream and Abandoned Service Station are located near the eastern

boundary of the base, east of Rogner Drive and north of Farmer’s
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Branch. This site consists of two locations, the paved area around
the Abandoned Service Station and the intermittent stream flowing
from an oil/water separator to Farmer’s Branch (Figure 1-3).

The Abandoned Service Station area may contain one or more USTs
that may have leaked petroleum products. The Unnamed Stream flows
from the oil/water separator that is the terminus of a french drain
system installed in 1965, reportedly to recover fuel leaking from
either the Abandoned Service Station USTs and/or the POL Tank Farm.
Previous studies (Radian, 1986, 1991) detected low levels of
organic contamination in the ground water at this site. Surface
water samples contaminated with lead and arsenic in excess of MCLs
were collected from the Unnamed Stream downstream from the
oil/water separator.

1.2.2 Project Scope and Objectives

The following sections describe the site-specific scope and
objectives. The objectives described below will be accomplished
through the collection of geological data, hydrogeological data,
and collection of environmental samples; the laboratory analysis of
these samples for potential contaminants; the evaluation of the
analytical results and field measurements with respect to quality

control data; and the interpretation and analysis of valid data.

The data generated by this project must be of sufficient quality
and quantity to meet the overall project objective, which is to
improve site characterizations that would ultimately 1lead to
remediation of the sites. The purpose of this RFI at Carswell AFB
is to collect assessment data for ground water at POL Tank Farm and
for soils, surface water, sediment, and ground water at the Unnamed
Stream. This RFI will be prepared to meet requirements included in
Part VIII of the RCRA Permit Number HW-50289, Attachment B. The
focus of this work will be to characterize the spatial distribution

of contamination at each site and its potential for transport. The
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findings of this RFI will be used to support the recommendation of
appropriate further actions. The criteria established in the
Sampling Analysis Plan Will be used to determine the possible need
for a corrective measures study to define and evaluate remedial
action alternatives.

Health and Safety data will be used to establish the level of
protection needed for the work party and other site-related
personnel. These data will be gathered by the use of geophysical
instruments, organic vapor analyzers (HNu), Draeger tubes, tri-gas
monitors, and explosimeters utilized during non-intrusive and

intrusive activities.

Table 1-1 presents a combined list of the potential contaminants at
both sites. This table is compiled from the list of compounds in
the SW846 EPA Test Methods for Evaluating Solid Waste. The
compounds listed are based upon the parameters of interest for each
of the sites at Carswell AFB. In order to further evaluate the
sites, samples of surface and subsurface soil, ground water,
surface water, and sediment will be collected. The parameters of
interest for each site for each of these matrices are presented in
Table 1-2. Other parameters listed in 40 CFR 264 Appendix IX are
not included as parameters of interest for these sites since there
is no evidence of these chemicals ever being used at or adjacent to
these sites. The number of samples to be collected are presented
in Section 2.2. The collection and analysis of background soil and
ground-water samples will be performed according to the AFCEE
request on October 28, 1993. This AFCEE directive requested that
background ground-water and soil samples be collected from the
proposed upgradient monitoring well adjacent to Rogner Drive. The
following subsections describe the background scope and objectives
for each site.
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1.2.2.1 POL Tank Farm Site - Field tasks to be performed at the

POL Tank Farm site include a geophysical survey and geochemical
survey.

A, Geophysical Survey - A surface geophysical survey will be
performed to help characterize the near surface conditions and
to locate utilities and abandoned tanks and pipechases. A
single type of geophysical survey (ground penetrating radar)
will be performed at the POL Tank Farm site during the field
work.

B. Geochemical Survey - A geochemical survey will be conducted at
the POL Tank Farm site as part of the RCRA facility
investigation effort. An estimated 25 survey points will be
performed utilizing the Strataprobe™ System, which is a direct
push method for ground-water investigation developed by
Transglobal Environmental Geochemistry (TEG). These ground-
water samples will provide supplemental analytical information
in order to delineate the extent of contamination (see Figure
1-4).

1.2.2.2 Unnamed Stream - Field tasks to be performed at the
Unnamed Stream include a geophysical survey, monitoring well
installation, aquifer testing, soil sampling and surface
water/sediment sampling.

A. Geophysical Survey - A surface geophysical survey will be

performed at both sites to help characterize the near surface
conditions and to locate utilities and abandoned tanks and
pipechases. A single type of geophysical survey (ground
penetrating radar or other means) will be performed at the
Unnamed Stream during the field work.

3517-0111.10 1
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B. Soil Sampling - Two soil samples will be collected from each
of three soil borings. The samples will be screened by hand
held portable organic vapor analyzer(s) (OVAs) used to screen
the air vapors at the head of the augers, in the breathing
zone and in the soil sample headspace. The OVAs will be
equipped with photoionization detectors (PID). The PID
equipment manual is presented in Appendix C. One soil sample
will be collected at the depth that has the highest OVA
reading. The second sample will be collected at the ground-
water interface. 1If the OVA screen results are nondetect, a
default depth of five feet will be sampled.

In addition to the two sample collection points described
above, two more soil samples will be collected from the soil
boring located northwest of the French Drain and east of
Rogner Drive; a total of four soil samples will be taken from
this boring (see Figure 2-2). One surface soil sample will be
collected at the 6- to 12-inch interval. The second and third
samples will be collected at the depths with the two highest
OVA readings, and the fourth sample will be collected at the
ground-water interface. This upgradient soil boring will be
completed as an upgradient monitoring well and this location
will be used to establish background soil and ground-water
data for the site.

Soil borings will be performed to allow installation of each
monitoring well. The soil borings will provide subsurface
information for well design and site stratigraphy as well as
assessment of the presence of site constituents in surface and
subsurface soils.

C. Monitoring Well Installation - Each of the three soil borings

discussed above will be completed as shallow monitoring wells
to assess the presence of site constituents in subsurface

soils and the surficial aquifer. One monitoring well will be

3517-0111.10 1-13
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located upgradient of this site and will be used to establish
background information for this site. Two monitoring wells

will be located downgradient of this site.

D. Agquifer Testing - In-situ hydraulic conductivity tests will be

performed on the new monitoring wells a minimum of 24 hours
after ground-water sampling. The tests will be conducted to
determine formation permeability. The results of the tests

will be used to estimate ground-water flow rates.

E. Surface Water/Sediment Sampling - Three surface water/sediment

samples will be collected at this site to assess 1f site
constituents are affecting surface waters and underlying
sediments in the area.

1.2.3 Subcontractors

The subcontractors to be utilized for this RFI investigation along

with their service to be performed are identified in Section 1.3.

1.3 PROJECT ORGANIZATION AND RESPONSIBILITIES

Project organization and responsibilities for the RFI for the two

sites at Carswell AFB are discussed in the following sections.

1.3.1 Project Organization

Law Environmental, Inc., Government Services Division (Law) will
manage the project and provide services related to field samples,

geophysics, data analysis, site characterization, and reporting.

ATEC Environmental Services of Dallas, Texas, will be

subcontracted to perform the drilling services.

3517-0111.10 1-14
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Law Environmental National Laboratories - Pensacola,
Florida, (LENL-P) will be subcontracted as the primary

laboratory to perform the chemical analysis of the soil
and water samples.

Transglobal Environmental Geochemistry (TEG) of Austin,
Texas, will be subcontracted to perform the ground-water
reconnaissance technique at the POL Tank Farm area. TEG
will perform a ground-water field screening utilizing a
direct push cone penetrometer type sampling system. The
TEG sampling technique, Strataprobe™ is described in
Section 2.1.3. They will also perform on-site analysis
of the ground water collected. The TEG QA information is
in Appendix B-2.

An OSHA-certified and Texas state licensed 1local
surveying company will be subcontracted to survey the
soil borings, monitoring wells, and other sampling
locations. In addition, the surveyor will prepare a site

map.

Ensite, Inc., will be subcontracted to handle the
transport and disposal of drummed soil cuttings,
decontamination fluids, and development and purge water

generated during investigative activities.

The project organization is shown on Figure 1-5.

1.3.1.1 Law Environmental, Inc. - Law Environmmental’s Government

Services Division will provide the project management, engineering
and analysis, and sampling through its in-house resources. It is
a branch of Law Environmental, Inc., which, in turn, is a wholly-
owned subsidiary of Law Companies Group, Inc. Law Companies Group,
Inc., is entirely employee owned.

3517-0111.10 1-15
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1.3.1.2 Drilling Subcontractor - ATEC Environmental Services,

Dallas, Texas will be responsible for drilling soil borings and
installation of monitoring wells. The drilling engineer will
follow direction from the Site Manager during field activities and
from the Project Manager prior to and after field work.

1.3.1.3 Chemical Analysis Laboratories - The Law Environmental,

Inc., National Laboratories facility in Pensacola, Florida (LENL-
P), 1s the Law Environmental, Inc., chemical testing laboratory
which was established in 1989. LENL-P will be the laboratory
responsible for providing sample shipping containers, chain-of-
custody documents, chemical analysis, reporting, and laboratory
QA/QC. LENL-P will perform all analyses of soil, ground water,
surface water and sediments, and associated QC samples. LENL-P
will report directly to the Project Manager during the project.
LENL-P has integrated Quality Assurance/Quality Control (QA/QC)
procedures 1into their laboratory design and standard operating
procedures. LENL-P is certified in several states. 1In order to
perform analyses for AFCEE projects, LENL-P has undergone and
complied fully with audits conducted under the auspices of the Air
Force. LENL-P's key personnel and their positions and
responsibilities are outlined in Appendix B-1.

1.3.1.4 Geochemical Survey - Transglobal Environmental
Geochemistry, Texas, (TEG) specializing in ground-water screening,
will conduct the geochemical survey. They will perform on site
sampling and analysis of the ground water generated during the
ground-water screen. TEG's system has been recognized and approved
by the Texas Water Commission (TWC) as a viable tool for studying
ground-water contaminated plumes.

1.3.1.5 Surveying Subcontractor - A 1local engineering and
surveying firm, certified in the state of Texas, will be

3517-0111.10 1-17
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subcontracted to survey boring/sampling locations and elevations
and prepare site maps. The firm will report directly to the Site
Manager during their survey activities and to the Project Manager
prior to and after field work. Their in-house Professional
Engineer (PE)/Registered Land Surveyor (RLS) will perform the field
surveying and preparation of the final site map. These individuals
will follow the AFCEE guidance documents, provided by Law, to
prepare their draft and final site map.

1.3.1.6 Ensite - Environmental Contractor - Ensite will be
contracted to perform services related to handling, transport and
disposal of investigative derived wastes generated during the field
investigation. Ensite, located in Atlanta, Georgia, is a wholly-
owned subsidiary of Law Environmental and is a licensed site
remediation contractor.

1.3.2 Key Proiject Individuals

Key project participants for this project include the project
principal, project manager, project chemist, project geologist/site
manager, health and safety officer, laboratory manager, and field
work parties. The following paragraphs provide a description of
the proposed project assignments and responsibilities, a list of
individuals expected to serve 1in each capacity, and a brief

synopsis of the participants’ related experience.

1.3.2.1 Project Principal - The Project Principal provides
technical quality control, oversight and direction for all aspects
of the site investigation and data evaluation. Mr. E. Fred Sharpe,
Jr., P.E., will serve as the Project Principal. Mr. Sharpe, a
Principal with Law Environmental, will serve as the senior reviewer
of Law’s reports of the Carswell AFB RFI sites. Mr. Sharpe has
over 24 years experience with Law Companies.
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1.3.2.2 Project Manager - The Project Manager is responsible for
the overall management of the Carswell AFB RFI. He coordinates
between office and field personnel, manages administrative
requirements, and supervises schedules, technical approach,
implementation, and report preparation. Mr. John O‘Brien will
serve as project manager. Mr. O’'Brien has six years of
professional experience in site and project management. He is
presently managing projects under RCRA, CERCLA, and IRP guidance
including Carswell AFB.

1.3.2.3 Site Manager - The Site Manager will coordinate and
supervise the field investigation activities. The Site Manager may
also serve as the Health and Safety Officer for the field
operations, and will be responsible for the implementation of the
Work Plans and Health and Safety Plans. The Site Manager'’s primary
responsibility is the health and safety of the workers on site.
Mr. Tom McComb will serve as the Site Manager for this project.
Mr. McComb 1is a Professional Geologist with over seven years
experience in site investigations and assessments.

1.3.2.4 Project Chemist - The Project Chemist is responsible for

preparing and implementing the field sampling, preservation, chain-
of -custody, and shipping activities. The Project Chemist also
performs data evaluation on the chemical data. Ms. Darice Kurtzer
will serve as the Project Chemist for this investigation. Ms.
Kurtzer is a chemist with over three years of experience in
environmental chemistry, Quality Assurance/Quality Control (QA/QC)
and data evaluation.

1.3.2.5 Laboratory Project Manager - The Laboratory Project

Manager is responsible for the handling and analysis of water
and/or soil samples received by the laboratory. This person
oversees sample travel through the lab, analytical procedures,

3517-0111.10 1-19
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quality control, reporting and sample disposal. Mr. James Tucci is
LENL’s Chemical Laboratory Manager. His areas of expertise include
environmental field studies, laboratory analyses and personnel
management .

1.3.2.6 Work Party - The work party performs on-site tasks

contained in this plan, including drilling, monitoring well
installation, and analytical sampling under the direction of the
Site Manager.

1.3.2.7 Health and Safety Officer - The Health and Safety Officer
oversees the Health and Safety Plan for Carswell AFB. The Health
and Safety Officer conducts personnel training, administers company
hazard assessment and surveillance medical program, and coordinates
with the Site Manager for site safety. Dr. Jack Peng is Law
Environmental’s Environmental Health and Safety Officer and is
available for consultation during the actual investigation. He is
a Certified Industrial Hygienist with over ten years experience in
hazardous waste site investigations. Subcontractors working on the
Carswell AFB sites under this project will receive a copy of the
project Health and Safety Plan. The Law Environmental Site Manager
or an assigned qualified Health and Safety Officer will review with
subcontractor personnel the Health and Safety Plan prior to any
field activities. Site personnel will be required to sign and date
the master field logbook to ensure that they understand the safety

regulations and procedures as outlined in the Health and Safety
Plans.

1.3.2.8 Project Safety Officer - The Project Safety Officer is
responsible for the project Site Safety and Health Plan
requirements. Ms. Cindy Kahout will serve as the project Safety
Officer for this investigation at Carswell AFB. Ms. Kahout is an

Industrial Hygienist with nine years of experience in developing
and auditing health and safety programs.
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Law Environmental, Inc., has established a strong internal QA
program with an associated QA Manual, Engineering Procedures
Manual, Equipment Calibration Procedures Manual, and specialty
manuals for hazardous waste site investigations and software
documentation. Law Environmental employees use these manuals as
the basis for conducting all company work within the QA program.

Mr. Leonard Ledbetter, the President of Law Environmental, Inc.,
has overall responsibility for Law’s Corporate QA. The Corporate
QA Office is directed by Dr. James R. Wallace, who is responsible
for daily management and auditing of Law Environmental’s QA
Program. The Law Environmental lines of QA responsibility and
audit flow from Corporate QA (Mr. Ledbetter and Dr. Wallace) to the
Project Principal (Mr. E. Fred Sharpe). This line of QA is outside

of the operational lines of authority for this project.

Our Quality Assurance Program is one of the most important factors
contributing to client satisfaction and our continued success. The
purpose of the program is to provide the client with confidence
that services are performed correctly.

Our Principal Review System is an integral part of the Quality
Assurance Program. Each project 1s assigned to a Principal
Reviewer who 1is responsible for maintaining the required
professional quality from beginning to completion of the project.
Every proposal and report must be reviewed and signed by two people
and at least one must be a Law Principal with credentials and
experience relevant to the area of work.

In each office, the Chief Scientist or Engineer is responsible for
operation of the Quality Assurance Program and for reviewing the
performance of assigned Principals. The Chief Engineer conducts
internal audits of projects and at least once each year a formal

3517-0111.10 1-21
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corporate audit is conducted by Chief Engineers and Principals from
other offices. 1In addition to these internal and corporate audits,
the company participates in laboratory and peer review programs
sponsored by organizations such as the National Bureau of
Standards, U.S. Geological Survey, USEPA, AFCEE and the U.S. Army
Corps of Engineers.

Law Companies encourages staff membership and participation in
various relevant professional societies. We Dbelieve such
involvement fosters individual professional growth and helps keep
our staff up-to-date on current developments. Many Law Principals

also serve on subcommittees or teach in sponsored workshops.

Law will control the quality of subcontractor furnished data and
services by source evaluation and selection, evaluation of
objective evidence of quality compliance to procurement documents
furnished by the subcontractor, site and/or source inspections,
audits, and/or examination of items or services upon delivery or
completion. Prior to award of subcontract, potential suppliers of
quality affecting items or services will be evaluated by Law
personnel. The evaluation may be performed by any appropriate
means, including but not limited to, surveys, inspections, audits,
or surveillances, depending upon the complexity of the item or
service being supplied. When the Project Principal determines it
necessary, on-site audits of subcontractor facilities may be
conducted wunder a quality assurance program. While the
responsibility for quality remains with the subcontractor under his
quality control program, Law will conduct certain quality assurance
activities to determine the subcontractors compliance with their
own quality program.

1.4 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

Quality Assurance (QA) objectives for measurement data are

expressed in terms of precision, accuracy, representativeness,

3517-0111.10 1-22



187 41

completeness, and comparability (PARCC). QA objectives provide the
mechanism for ongoing control and evaluation of measurement data
quality throughout the project and will ultimately be used to
define data quality for the various measurement parameters. The
achievement of these QA/QC objectives will be accomplished through
the collection and analysis of field duplicates, rinsates, trip
blanks, and field blanks. The analytical data will be assessed by
the internal QC such as method blanks, surrogate recoveries,
adherence to holding times, and matrix spike/matrix spike duplicate
(MS/MSD) data.

1.4.1 Definitions of QA Criteria

The following sections define the precision, accuracy,
representativeness, completeness, and comparability (PARCC)
parameters.

1.4.1.1 Precision - "Precision" refers to the reproducibility or

degree of agreement among duplicate measurements of a single
analyte. It is defined by the USEPA as "a measure of mutual
agreement among individual measurements of the same property,
usually under prescribed similar conditions. Precision is best
expressed in terms of the relative percent difference (RPD).
Various measures of precision exist depending upon the prescribed
similar conditions" (USEPA, 1980). Analytical precision for a
single analyte is expressed as a percentage of the difference
between results of duplicate samples and matrix spike duplicates
for a given analyte. Relative percent difference is calculated as
shown in Section 1.10.2.

Precision will be determined through the collection of duplicates
and matrix spikes and matrix spike duplicates for the analytical
work performed at Carswell AFB. The sampling chemist will select
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1 sample in 20 (or one per batch, whichever is fewer) for that
matrix and split the sample into three aliquots. The first aliquot
will be analyzed routinely for the parameters of interest, while
the other two aliquots will be spiked with known quantities of the
parameters of interest prior to analysis. The relative percent
difference (RPD) will be calculated and used as an indication of

the precision for the analyses performed.

During the collection of data wusing field methods and/or
instrumentation, precision is checked by reporting several
measurements taken at one location and comparing the results.
Precision will be reported as the RPD for two results and as the
standard deviation for three or more results. Sample collection
precision will be measured in the laboratory with the analysis of
field replicates and laboratory duplicates.

1.4.1.2 Accuracy - "Accuracy" refers to the degree of difference
between measured or calculated values and the true value. It is

defined by the USEPA as "the degree of agreement of a measurement
(or an average of measurements of the same thing), X, with an
accepted reference or true value, T, usually expressed as the
difference between the two values, X - T, or the difference as a
percentage of the reference or true value, 100 (X-T)/T, and
sometimes expressed as a ratio, X/T. Accuracy is a measure of t
bias in a system" (USEPA, 1980). The closer the numerical value of
the measurement comes to the true value, or actual concentration,
the more accurate the measurement. Analytical accuracy may be
expressed as the percent recovery of an analyte which has been
added to the environmental sample at a known concentration before
analysis. For example, accuracy can be determined from the results
of matrix spike analyses performed at the rate of 1 set every 20
samples or 1 per batch. The equation used to calculate percent
recovery can be found in Section 1.13.1. The accuracy of simple,

yet fundamental, field analyses is difficult to assess

3517-0111.10 1-24



187 43

quantitatively. Sampling accuracy can be maximized, however, by
the adoption and adherence to a strict QA program. Specifically,
all procedures will be documented as standard protocol and all
equipment and instrumentation will be properly calibrated and well
maintained. Trip blanks and equipment rinsates will be included in
all sample batches to ensure all samples represent the particular
site from which they were taken and to assess the potential for any
cross-contamination that may have occurred. In addition to
equipment operation and standard operating procedures, a high level
of accuracy will be maintained by thorough and frequent review of
field procedures. In this manner, any deficiencies will be quickly
documented and corrected.

1.4.1.3 Representativeness - "Representativeness" indicates the
degree to which a sample contains the characteristics of the whole
from which it came. As defined by the USEPA, representativeness
"expresses the degree to which data accurately and precisely
represent a characteristic of a population, parameter variations at
a sampling point, a process condition, or an environmental
condition™ (USEPA, 1980) . Only qualitative goals for
representativeness can be set.

1.4.1.4 Completeness - "Completeness" is a measure of the amount

of data collected with respect to project requirements. It is
defined by the USEPA as "a measure of the amount of valid data
obtained from a measurement system compared to the amount that was

expected to be obtained under correct normal conditions" (USEPA,

1980) . Completeness refers to the project as a whole.
1.4.1.5 Comparability - "Comparability" is a measure of the

consistency of the measurement process. It is defined by the USEPA
as the parameter that "expresses the confidence with which one data
set can be compared to another" (USEPA, 1980). Comparability is
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also only expressed 1in a qualitative manner. To ensure
comparability, only established methods and protocols will be used
to collect and analyze samples.

1.4.1.6 Analytical Levels - Different levels of quality are

required for the analytical data depending upon the planned use of
the data. The procedures and methods will vary depending on the
level of analytical data required. The USEPA has defined five
analytical levels (USEPA, 1987a); these levels are presented in
Table 1-3.

1.4.2 Goals

Our goals for this project are designed to be realistic, achievable
and ensure field and analytical data quality. Method-specific
goals for precision and accuracy are presented in Section 1.10.3.
Representativeness and comparability are qualitative goals. Soil
representativeness will be maximized through the thorough mixing of
the sample, during collection and agreement of best location before
sample collection.

Comparability goals will be established by adhering to the use of
standard, published sampling and analytical methods and the use of
QC samples. The analytical methods completeness goals are 90
percent. However, parameter specific completeness goals for the
soil samples collected at Carswell AFB during the RFI will not be
stated because matrix interferences and their impact on these goals
are unknown at this time. The overall completeness goal (valid
data) for Carswell AFB data will be 90 percent. Failure to meet
these goals may result in qualification of the data, non-use of the
data, or resampling.
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In establishing the goals for precision and accuracy for each

parameter and matrix, the following were considered:
Precision

Precision of instrument calibration
Precision of duplicate spikes
Precision of field duplicates

Sampling and handling procedures

Accuracy

Proper instrument set-up

Accuracy and stability of the calibration
Recovery of spiked samples

Recovery of spiked blanks and/or control samples
Method contamination

Surrogate recoveries (if applicable)
Interferences

Field contamination

Sampling and handling procedures

The worst performer of all the QC processes for all analytes within
each parameter was used to determine the first estimate of the
overall goal for each parameter and matrix. In order to provide a
realistic approach in case there are unanticipated matrix effects,
this estimate of the goal was then relaxed slightly in order to set
goals that are realistic and achievable. The overall goal is to
allow the use of as much reliable data as possible during this
investigation. Data for individual analytes for which any
applicable QC result falls outside of the acceptance limits set by
the method will be qualified.

Representativeness and comparability are qualitative goals.
Representativeness will be dependent upon the careful selection of
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sampling locations. Comparability will be established by adhering

to the use of standard, published sampling and analytical methods
and reporting data in standard units.

1.5 SAMPLING PROCEDURES

Sampling procedures consist of sample collection, transport and
storage protocols. These protocols which pertain to the field
activities are presented in detail in the Field Sampling Plan (FSP)
and are only referenced here.

1.5.1 Sampling Protocols

Sample collection, transport and storage guidance documents to be
adhered to are listed below:

Practical Guide for Ground-Water Sampling, EPA 600/2-85/104,
September 1985 (USEPA, 1985)

Test Methods for Evaluating Solid Wastes, Third Edition, EPA
SW-846, November 1986 (USEPA, 1986)

Handbook to Support the Installation Restoration Program (IRP)
Statements of Work, May 1991 (AFCEE, 1991)

Detailed sampling protocols are presented in Section 2.0.

1.5.2 Sample Handling

The sample containers, sample volume, method of preservation,

shipping and handling procedures are presented in Section 2.2.2.
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1.6 SAMPLE CUSTODY

Sample custody procedures during the collection of samples in the
field and sample receipt in the laboratory are discussed in the
following subsections.

1.6.1 Field Operations

Maintenance of sample custody in the field starts with the
collection, preservation and labeling of the sample. Documentation
of field sampling activities will be performed. Specific
procedures for the maintenance and documentation of the custody of
the samples is discussed in detail in Section 2.2.3.

1.6.2 Laboratory Operations

Sample custody, handling, and identification in the laboratory is
presented in Appendix B.

1.7 FIELD EQUIPMENT CALIBRATION PROCEDURES

Several instruments will be used in the field investigation. These
instruments consist of a photoionization detector (HNu), pH meter,
combination temperature and specific conductance meter, and a
turbidimeter. Each field meter will be calibrated before use. The
calibration will be documented in the field book. Details of
calibration and maintenance are presented in Section 2.3 of the
FSP. The equipment manuals are presented in Appendices C, D, E
and F.
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1.8 ANALYTICAL PROCEDURES 187 45

The following sections identify the analytical methods to be
utilized.

1.8.1 Identification of Methods

The analytical methods to be utilized are presented in Tables 1-4

(soil, sediment) and 1-5 (ground water, surface water).
1.8.2 Detection Limits and Quantitation Criteria

1.8.2.1 Terminology - Each analytical parameter concentration will

be reported as a specific number or less than the Instrument
Detection Limit for inorganic methods and less than the Practical
Quantification Limit for organic methods. Water values will be
reported in parts per billion (ppb, ug/L) concentrations for
organics and in parts per million (ppm, mg/L) for inorganics. Soil
values will be reported in parts per million (ppm, mg/kg) for all
analyses. Method Detection Limits (MDLs) are defined below.

1.8.2.2 Procedures - The following procedures are used to

establish limits of detection and quantification.

Method Detection Limits (MDL) limits are established using the
required EPA procedure specified in 40 CFR Part 136 Appendix B.
The MDL is the minimum concentration of a substance that can be
measured and reported with 99 percent confidence that the value is
above zero. A data pool of at least seven standards analyzed at a
concentration approximately three times the anticipated MDL is
generated. The MDL is estimated by employing the "t" distribution
with a 99 percent confidence interval by the following equation:
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ANALYTICAL REQUIREMENTS - SOIL AND SEDIMENT SAMPLES

TABLE 14

RCRA Facility Investigation
Carswell Air Force Base, Texas

187 5

HOLDING
ANALYTICAL PARAMETER (a) METHOD (b) TIME (c)
Volatile Organics 8240 A: 14d
Aromatic Volatile Organics 8020 A: 14d
Total Recoverable Petroleum Hydrocarbons 418.1 P: 14d
A: 40d

Metals, total: A: 6m (unless noted)

1. Aluminum 3050/6010

2. Antimony 3050/6010

3. Arsenic 3050/7060 (d)

4. Barium 3050/6010

5. Beryllium 3050/6010

6. Cadmium 3050/6010

7. Calcium 3050/6010

8. Chromium 3050/6010

9. Cobalt 3050/6010

10. Copper 3050/6010

11. lron 3050/6010

12. Lead 3050/7421 (d)

13. Mercury 7471 A: 28d

14. Magnesium 3050/6010

15. Manganese 3050/6010

16. Molybdenum 3050/6010

17. Nickel 3050/6010

18. Potassium 3050/6010

19. Selenium 3050/7740 (d)

20. Silver 3050/6010

21. Sodium 3050/6010

22. Thallium 3050/7841 (d)

23. Vanadium 3050/6010

24. Zinc 3050/6010

3517-0111.10
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TABLE 1-4

o
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ANALYTICAL REQUIREMENTS - SOIL AND SEDIMENT SAMPLES 1
RCRA Facility Investigation
Carswell Air Force Base, Texas

HOLDING
ANALYTICAL PARAMETER (a) METHOD (b} TIME (c)
TCLP 1311 See Below
From: TCLP From: Preparative
From: Field extraction to: extraction to:
Collection to: Preparative determinative Total
TCLP extraction extraction analysis elapsed time
Volatiles 14d NA 14d 28d
Semi-Volatiles 14d 7d 40d 61d
Mercury 28d NA 28d 56d
Metals, except Mercury 180d NA 180d 360d
NOTES:
(a) For list of analytes and reporting limits, see Table 1-6.
(b) Test Methods for Evaluating Solid Waste SW-846, 3rd Edition, November 1986 (unless otherwise
noted)
(c) holding time from date of sampling to preparation (P) or analysis (A)
d = days m = months h = hours
(d) Screening results by method 3050/6010 are acceptable if sample result is greater than 10 times the

method detection limit (before correction to dry weight)
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TABLE 1-5

187

ANALYTICAL REQUIREMENTS - GROUND AND SURFACE WATER SAMPLES
RCRA Facility Investigation
Carswell Air Force Base, Texas

3
£

HOLDING
ANALYTICAL PARAMETER (a) METHOD (b} TIME (c)
Volatile Organics 8240 A: 14d
Aromatic Volatile Organics 8020 A: 14d

Extractable Organics

Petroleum Hydrocarbons

Total Recoverable Petroleum Hydrocarbons
Oil and Grease

Purgeable Halocarbons

Metals, total:
1. Aluminum
2. Antimony
3. Arsenic
4. Barium
5. Beryllium
6. Cadmium
7. Calcium
8. Chromium
9. Cobalt
10. Copper
11. Iron
12. Lead
13. Mercury
14. Magnesium
15. Manganese
16. Molybdenum
17. Nickel
18. Potassium
19. Selenium
20. Silver
21. Sodium
22. Thallium
23. Vanadium
24. Zinc

3517-0111.10

3010 or 3020/8270

8015 M
418.1
9071

5030/8010

3005/6010
3005/6010
7060 (e)

3005/6010
3005/6010
3005/6010
3005/6010
3005/6010
3005/6010
3005/6010
3005/6010

3020/7421 le)

7470
3005/6010
3005/6010
3005/6010
3005/6010
3005/6010
7740 (e)
3005/6010
3005/6010

3020/7841 le)

3005/6010
3005/6010

. 7d
: 40d (d)

: 14d

: 28d

P
A

A

A: 28d (d)
A

A: 14d

A

: 6m (unless noted})

A: 28d
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TABLE 1-5
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ANALYTICAL REQUIREMENTS - GROUND AND SURFACE WATER SAMPLES

RCRA Facility Investigation

Carswell Air Force Base, Texas

HOLDING
ANALYTICAL PARAMETER (a) METHOD (b) TIME (c)
TCLP 1311 See Below
From: TCLP From: Preparative
From: Field extraction to: extraction to:
Collection to: Preparative determinative Total
TCLP extraction extraction analysis elapsed time
Volatiles 14d NA 14d 28d
Semi-Volatiles 14d 7d 40d 61d
Mercury 28d NA 28d 56d
Metals, except Mercury 180d NA 180d 360d

NOTES:

(@
{b)

(c)

(d)
(e)

For list of analytes and reporting limits, see Table 1-7.
Test Methods for Evaluating Solid Waste SW-846, 3rd Edition, November 1986 (unless otherwise

noted)

holding time from date of sampling to preparation (P) or analysis (A)

d = days

m = months
Extracts to be analyzed within 40 days of date of extraction.

h = hours

Screening results by method 3005/6010 are acceptable if sample result is greater than 10 times the
method detection limit (before correction to dry weight)

3517-0111.10
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where:

t = is a factor for n-1 degrees of freedom
at the 99 percent confidence factor

S = is the standard deviation of the data

pool

Instrument Detection Limits (IDL) are established by the EPA CLP
protocol, which allows for generating a data pool by analyzing a
minimum of seven standards at three times the anticipated IDL on
three non-consecutive days. The standard deviation (S) of the
seven data for each of the three days is calculated and the IDL

established by the following equation:

IDL=81+S32+S3*3

The Practical Quantitation Limit (PQL) is the lowest level that can
be reliably achieved within specified 1limits of precision and
accuracy during routine laboratory operating conditions. PQL is
calculated as follows:

POL =10 * S

where:

S = is the standard deviation of the
data used to determine MDL

The matrix used for these studies is spiked reagent water processed
through the appropriate analytical procedure.
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The Maximum Quantitation Limit (MQL) is that limit established by
AFCEE as being the maximum allowable quantitation limit of an
analyte. These limits are based upon the results of spiking at the
estimated quantitation 1limit 1in accordance with EPA SW-846

protocols, or the results of matrix spiking of past HSD/YAQ
samples.

The Maximum Quantitation Limit (MQL) for each parameter is
calculated as follows:

MOL = F * S
where:
S = is the standard deviation of the data used to
determine MDL
F = is a factor between five and ten based on

chromatographic behavior

The matrix used for these studies is spiked reagent water processed
through the appropriate analytical procedure.

1.8.2.3 Values - The reporting limits required for this project
are presented in Tables 1-6 and 1-7 for soil and sediment and
ground water and surface water. The laboratory established
detection and quantitation limits are presented in Appendix A.

1.8.3 Method Calibration
The calibration procedures, preparation of calibration standards,

and frequency of initial and continuing calibration checks are

described for each analytical method in the following subsections.
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PROJECT—REQUIRED REPORTING LIMITS — SOIL/SEDIMENT
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas

187 56

REPORTING
ANALYTICAL LIMIT

METHOD COMPOUND UNITS IDL MQL

6010 (SW846)  Aluminum mg/kg 10 50

Antimony mg/kg 5.6 15

Arsenic mg/kg 42 30

Barium mg/kg 3 10

Beryllium mg/kg 0.2 1

Cadmium mg/kg 0.4 0.5

Calcium mg/kg 10.2 100

Chromium mg/kg 0.8 5

Cobalt mg/kg 1.3 5

Copper mg/kg 0.8 5

Iron mg/kg 5 5

Lead mg/kg 3.7 5

Magnesium mg/kg 1.7 100

Manganese mg/kg 0.6 2

Molybdenum mg/kg 3.6 10

Nickel mg/kg 25 15

Potassium mg/kg 13.4 100

Selenium mg/kg 7.9 50

Silver mg/kg 0.8 5

Sodium mg/kg 255 100

Thallium mg/kg 7 7

Vanadium mg/kg 1 10

Zinc mg/kg 0.7 2

7060 (SW846)  Arsenic mg/kg 0.2 0.5

7421 (SW846)  Lead mg/kg 0.1 0.5

7740 (SW846)  Selenium mg/kg 0.1 0.5

7841 (SW846) Thallium mg/kg 0.1 7

7471 (SW846)  Mercury mg/kg 0.02 0.1

1311/7060 Arsenic mg/kg 0.2 0.5

1311/6010 Barium mg/kg 3 10

1311/6010 Cadmium ma/kg 0.4 0.5

1311/6010 Chromium mg/kg 0.8 5

1311/7421 Lead mg/kg 0.1 0.5

1311/7471 Mercury mg/kg 0.02 0.1

1311/7740 Selenium mg/kg 0.1 0.5

1311/6010 Silver mg/kg 0.8 5
3517-0111.10 10f3
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PROJECT—REQUIRED REPORTING LIMITS — SOIL/SEDIMENT
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas
REPORTING
ANALYTICAL LIMIT

METHOD COMPOUND UNITS PQL MQL
8240 (SW846)  Acetone mg/kg 0.001 0.01
Benzene mg/kg 0.001 0.005
Bromodichloromethane mg/kg 0.001 0.005
Bromoform mg/kg 0.005 0.005
Bromomethane mg/kg 0.001 0.01
2—-Butanone (MEK) mg/kg 0.01 0.01
Carbon disulfide mg/kg 0.005 0.005
Carbon tetrachloride mg/kg 0.005 0.005
Chlorobenzene mg/kg 0.005 0.005
Chloroethane mg/kg 0.005 0.01
2—Chloroethyl vinyl ether mg/kg 0.01 0.01
Chloroform mg/kg 0.005 0.005
Chloromethane mg/kg 0.001 0.01
Dibromochloromethane mg/kg 0.005 0.005
1,1-Dichloroethane mg/kg 0.005 0.005
1,2—-Dichloroethane mg/kg 0.005 0.005
1,1-Dichloroethene mg/kg 0.005 0.005
trans—1,2—Dichloroethene mg/kg 0.005 0.005
1,2—Dichloropropane mg/kg 0.001 0.005
cis—1,3—Dichloropropene mg/kg 0.001 0.005
trans-—1,3—Dichloropropene mg/kg 0.005 0.005
Ethylbenzene mg/kg 0.005 0.005
2—Hexanone mg/kg 0.005 0.01
Methylene chloride mg/kg 0.005 0.005
4—Methyl—-2-pentanone (MIBK) mg/kg 0.01 0.01
Styrene mg/kg 0.005 0.005
1,1,2,2—Tetrachloroethane mg/kg 0.005 0.005
Tetrachloroethene mg/kg 0.005 0.005
Toluene mg/kg 0.005 0.005
1,1,1-Trichloroethane mg/kg 0.005 0.005
1,1,2—Trichloroethane mg/kg 0.005 0.005
Trichloroethene mg/kg 0.005 0.005
Vinyl acetate mg/kg 0.01 0.01
Vinyl chloride mg/kg 0.002 0.01
Xylenes (total) mg/kg 0.005 0.005
1,2—Dichloroethane—d4 (surrogate) mg/kg NA NA
Toluene—d8 (surrogate) mg/kg NA NA
4—Bromofluorobenzene (surrogate) mg/kg NA NA
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TABLE 1-6

187 S
PROJECT—REQUIRED REPORTING LIMITS — SOIL/SEDIMENT
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas
REPORTING
ANALYTICAL LIMIT

METHOD COMPOUND UNITS PQL MQL

8020 (SW846) Benzene mg/kg 0.0005 0.001

Toluene mg/kg 0.0005 0.002

Ethylbenzene mg/kg 0.0005 0.004

Xylenes mg/kg 0.001 0.002

Fluorobenzene (surrogate) mg/kg NA NA

4—Chlorotoluene (surrogate) mg/kg NA NA

9070/418.1 Total Recoverable Petroleum Hydrocarbons mg/kg 10 30
(EPA600)

418.1 Total Recoverable Petroleum Hydrocarbons mg/kg 10 30

1311/8240 Benzene mg/kg 0.001 0.005

Carbon tetrachloride mg/kg 0.005 0.005

Chlorobenzene mg/kg 0.005 0.005

Chloroform mg/kg 0.005 0.005

1,2—Dichloroethane mg/kg 0.005 0.005

2—Butanone (MEK) mg/kg 0.01 0.01

Vinyl Chloride mg/kg 0.002 0.01

1311/8270 Pentachlorophenol mg/kg 0.33 1

2,4,5—Trichlorophenol mg/kg 0.033 1.6

2,4,6—Trichlorophenol mg/kg 0.033 0.3

1,4—Dichlorobenzene mg/kg 0.033 0.3

2,4-Dinitrotoluene mg/kg 0.033 0.3

Hexachlorobenzene mg/kg 0.033 03

Hexachlorobutadiene mg/kg 0.033 0.3

Hexachloroethane mg/kg 0.033 0.3

Nitrobenzene mg/kg 0.033 03

NA — Not applicable.

NE — Not established at this time.
IDL - Instrument Detection Limit
MQL — Maximum Quantitation Limit
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TABLE 1-7 1 8*;1
PROJECT-REQUIRED REPORTING LIMITS - GROUND WATER/SURFACE WATER
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas
REPORTING LIMIT
ANALYTICAL COMPOUND UNITS
METHOD IDL MaL
6010 (SW846) Aluminum mg/L 0.1 0.5
Antimony mg/L 0.056 0.5
Arsenic mg/L 0.042 0.3
Barium mg/L 0.03 0.1
Beryllium mg/L 0.002 0.01
Cadmium mg/L 0.004 0.005
Calcium mg/L 0.102 1
Chromium mg/L 0.008 0.05
Cobalt mg/L 0.013 0.05
Copper mg/L 0.008 0.05
Iron mg/L 0.05 0.05
Lead mg/L 0.037 0.2
Magnesium mg/L 0.117 1
Manganese mg/L 0.006 0.02
Molybdenum mg/L 0.036 0.1
Nickel mg/L 0.025 0.15
Potassium mg/L 0.134 5
Selenium mg/L 0.079 1
Silver mg/L 0.008 0.05
Sodium mg/L 0.255 1
Thallium mg/L 0.072 0.4
Vanadium mg/L 0.01 0.1
Zinc mg/L 0.007 0.02
7060 (SW846) Arsenic mg/L 0.002 0.005
7421 (SW846) Lead mg/L 0.001 0.005
7740 (SW846) Selenium mg/L 0.001 0.005
7471 (SW846) Mercury mg/L 0.0002 0.001
3517-0111.10 10f5
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TABLE 1-7
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PROJECT-REQUIRED REPORTING LIMITS - GROUND WATER/SURFACE WATER

Remedial Investigation/Feasibility Study
Carswsll Air Force Base, Texas

REPORTING LIMIT

ANALYTICAL COMPOUND UNITS
METHQOD MDL PQL MaL
8240 (SW846) Acetone ug/l 7.5 10 10
Benzene Mg/l 0.4 1 5
Bromodichloromethane Mg/l 0.3 1 5
Bromoform ug/L 0.2 5 5
Bromomethane ug/L 0.7 1 10
2-Butanone {MEK) ug/l 2.8 10 10
Carbon disulfide Mg/l 0.7 5 5
Carbon tetrachloride ug/L 0.4 5 5
Chlorobenzene ug/L 0.2 5 5
Chloroethane Mg/l 0.3 5 10
2-Chloroethyl vinyl ether ug/l 8 10 10
Chloroform pg/L 0.3 b 5
Chloromethane ug/l 0.6 1 10
Dibromochloromethane ug/L 0.3 b 5
1,1-Dichloroethane Mg/l 0.3 5 5
1,2-Dichloroethane ug/l 0.4 5 5
1,1-Dichloroethene ug/L 0.3 5 5
trans-1,2-Dichloroethene Mg/l 0.4 5 5
1,2-Dichloropropane Mg/l 0.6 1 5
cis-1,3-Dichloropropene Mg/l 0.6 1 5
trans-1,3-Dichloropropene ugll 0.2 5 5
Ethylbenzene Mg/l 0.2 5 5
2-Hexanone ug/L 2.1 5 10
Methylene chloride Mg/l 4.5 5 5
4-Methyl-2-pentanone (MIBK) Mg/l 7 10 10
Styrene ug/l 0.5 5 5
1,1,2,2-Tetrachloroethane ug/l 0.7 5 5
Tetrachloroethene ug/l 0.2 5 5
Toluene Mg/l 0.3 5 5
3517-0111.10 1-42 20f5



187 61

TABLE 1-7

PROJECT-REQUIRED REPORTING LIMITS - GROUND WATER/SURFACE WATER
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas

REPORTING LIMIT

ANALYTICAL COMPOUND UNITS
METHOD MDL PQL MQL

1,1,1-Trichloroethane ugl/l 0.4 5 5
1,1,2-Trichloroethane ug/l 0.7 5 5
Trichloroethene ug/l 0.2 5 5
Vinyl acetate ug/L 0.7 10 10
Vinyl chioride ug/l 0.6 2 10
Xylenes (total) ug/l 0.7 5 5
1,2-Dichloroethane-d4 ug/L NA NA NA
{surrogate)
Toluene-d8 (surrogate) ug/l NA NA NA
4-Bromofluorobenzene ug/l NA NA NA
{surrogate)

8020 (SW846) Benzene ugl/l 0.5 0.5 1
Toluene ugl/l 0.5 0.5 2
Ethylbenzene ug/l 0.5 0.5 4
Xylenes ug/L 1 1 2
Fluorobenzene (surrogate) ug/l NA NA NA
4-Chlorotoluene (surrogate) ug/L NA NA NA

8015M (SW846) Diesel mg/L 0.072 0.2 1
Gasoline mg/L 0.074 0.5 1

9071 (SW846) Oil & Grease ug/L NE NE NE

418.1 Total Recoverable Petroleum mg/L 0.4 1 1
Hydrocarbons
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PROJECT-REQUIRED REPORTING LIMITS - GROUND WATER/SURFACE WATER

Remedial Investigation/Feasibility Study
Carswaell Air Force Base, Texas

REPORTING LIMIT

ANALYTICAL COMPOUND UNITS
METHOD MDL POL MaL

TCLP ug/l

1311/8240 Benzene ug/l 0.4 1 b
Carbon tetrachloride Mg/l 0.4 5 5
Chlorobenzene ug/l 0.2 5 5
Chloroform Mg/l 0.3 5 5
1,2-Dichloroethane Mg/l 0.4 5 5
2-Butanone {MEK) ug/l 2.8 10 10
Vinyl chloride ug/l 0.6 2 10

1311/8270 Pentachlorophenol ug/l 0.6 10 30
2,4,5-Trichlorophenol Mg/l 1 1 50
2,4,6-Trichlorophenol ug/l 0.7 1 10
1,4-Dichlorobenzene ug/l 0.7 1 10
2,4-Dinitrotoluene ug/l 0.8 1 10
Hexachlorobenzene ug/l 0.5 1 100
Hexachlorobutadiene ug/l 0.7 1 10
Hexachloroethane Mg/l 0.9 1 10
Nitrobenzene ug/l 0.9 1 10
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PROJECT-REQUIRED REPORTING LIMITS - GROUND WATER/SURFACE WATER
Remedial Investigation/Feasibility Study

Carswell Air Force Base, Texas

1311/6010 Barium
1311/6010 Cadmium
1311/6010 Chromium
1311/7421 Lead
1311/7471 Mercury
1311/7740 Selenium
1311/6010 Silver

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

iDL
0.030
0.004
0.008
0.001

0.0002
0.001
0.008

MaL
0.1
0.005
0.05
0.005
0.001
0.005
0.05

NA - Not applicable.

NE - Not established at this time.
MDL - Method Detection Limit
MQL - Maximum Quantitation Limit
PQL - Practical Quantitation Limit

* Project - Required Reporting Limits for methodologies performed by TEG are listed in the TEG QA

Manual in Appendix B-2.
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At a minimum, all instruments and other equipment used by Law will
be calibrated and maintained at the recommended intervals
prescribed by the analytical method employed. In those cases where
it has been demonstrated that more frequent calibration or
maintenance is required, the base method will be enhanced as
necessary. Calibration checks and preventive maintenance
procedures are permanently recorded in a log book for future
reference. Whenever possible, calibration checks on instruments
and support equipment are performed using reference materials
(e.g., weights) which are traceable to the EPA Environmental
Monitoring Systems Laboratory (EMSL) or bear certificates of
standardization from the National Institute of Standards and
Technology.

All chemical standards used by Law are certified to have the
highest reasonable purity with assays or certificates of analysis
provided with material. All materials are purchased from
established and reputable chemical suppliers. All standard
materials are dated and stored under appropriate conditions in
order to maintain chemical stability. Each time a specific
standard is prepared, the material mass and dilution information is
recorded in the standards record book. All prepared standards
(stock and working) are labeled in reference to the book number,
page number, and entry number of the Analytical Standards
Preparations Record Book. Additionally, the description, date, and
analyst are given on the standard label.

1.8.3.1 Organics by Gas Chromatography (GC) with Second Column
Confirmation - Analyses performed on the GC will follow EPA
Methods. Second column confirmation is required for samples which

exhibit a positive result. The confirmation system must contain a
dissimilar column and is calibrated and subject to the same QC as
the primary GC system. The primary or secondary result may be
reported. The two results will not be averaged.
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Prior to calibration, retention time windows for each standard on
each GC column are determined whenever a new GC column is installed
as follows.

Three injections of each standard are made over a 72-hour period at
approximately equal intervals. A standard deviation is calculated
from the three absolute retention times. For multi-response
analytes, one major peak 1is chosen from the envelope for the
retention time study. Retention time windows for each analyte are
updated daily and are equal to the continuing calibration analyte
retention time plus or minus three times the standard deviation
determined in the study. If the retention time window for an
analyte is zero, a standard deviation of a similar compound is
used.

Tentative identification of an analyte occurs when a peak from a
sample falls within the daily retention time window. Multi-

response analytes are identified primarily by pattern recognition.
Calibration procedures for both systems are presented below.

1. GC system is checked daily prior to analysis of samples
by reviewing temperatures to injector parts, detectors
and columns, verifying that the system is method-specific
to ensure reliability and reproducibility of analytical
results.

2. GC is calibrated with five standards and a calibration

blank using external standard technique.

3. If the %RSD of the RF (internal standard technique) or CF
(external standard technique) for the five standards is
less than or equal to 20 percent, then the average RF is
used for quantitation. If the RF is greater than 20
percent, a calibration curve is established by plotting
response versus amount.
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4. After development of each new five-point calibration and

at the start of every analysis day, a mid-point daily
initial calibration wverification (ICV) containing all
single peak analytes of interest is run. Pesticide/PCB
standards also include Toxaphene, Chlordane, and Aroclors
1016/1260. The standard’s RF or CF must agree with the
initial calibration average RF or CF within plus or minus
15 percent D. For a calibration curve, the concentration
of the mid-point initial calibration standard is compared
to the ICV concentration. The percent recovery of the
ICV is obtained using the following formula: ICV Found
Value divided by Mid-Point Initial Calibration True Value

(calculated from the curve) times 100. The percent
recovery of the ICV must be within plus or minus 15
percent.

5. After every ten samples within the sequence and at the

end of the sequence, a mid-level continuing calibration
verification (CCV) is analyzed which must be within plus
or minus 15 percent D of the ICV. For a calibration
curve, the concentration of the ICV is compared to the
concentration of the CCV. The percent recovery of the
CCV must be within plus or minus 15 percent.

6. The retention time (RT) for all identified analytes in an
analytical run must match the RT windows calculated for

the analytical standards.

7. Second column confirmation is subject to the proceeding
acceptance criteria.

1.8.3.2 Volatile and Semi-Volatile Organics by Gas Chromatography/

Mass Spectrometry (GC/MS) - Analyses performed on the GC/MS will
follow EPA Methods. This includes the following calibration
procedure:
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1. Instrument calibration will be performed every 12-hour
time period. The GC/MS will be tuned to meet ion
abundance criteria given in Tables 1-8 and 1-9 for
decafluorotriphenylphosphine (DFTPP) or 4 -Bromo-
fluorobenzene (BFB).

2. Initial calibration will be performed on calibration
standards at five concentration levels containing each
compound of interest and each surrogate standard.

The relative retention time (RRT) of each compound in
each calibration run should agree within 0.06 RRT units.
The average relative response factor (RRF) and percent
relative standard deviation (%RSD) is calculated for each
compound. The RRF for the System Performance Check
Compounds (SPCC: Volatiles: Chloromethane,
1,1-Dichloroethane, Bromoform, 1,2,2-Tetrachloroethane,
Chlorobenzene. Semi-volatiles: N-nitroso-di-n-
propylamine, Hexachlorocyclo-pentadiene,
2,4-Dinitrophenol, 4-Nitrophenol) must be greater than or
equal to 0.300 (0.250 for Bromoform) for volatiles and
must be greater than or equal to 0.050 for semi-
volatiles. The %RSD for the Calibration Check compounds
(CCC: Volatiles - Vinyl chloride, 1,1-Dichloroethene,

Chloroform, 1,2-Dichloropropane, Toluene, Ethylbenzene;

Semi-volatiles Base/Neutrals - Acenaphthene, 1,4-
Dichlorobenzene, Hexachlorobutadiene, N-Nitroso-di-n-
phenylamine, Di-n-octylphthalate, Fluoranthene,
Benzo(a)pyrene; Acids - 4-Chloro-3-methylphenol, 2,4-

Dichlorophenol, 2-Nitrophenol, Phenol, Pentachlorophenol,
2,4,6-Trichlorophenol) must be less than 30 percent. The
%¥RSD for the other compounds should be less than 30
percent. If not, a notation is made in the sample
documentation.
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TABLE 1-8

DFTPP KEY IONS AND ABUNDANCE CRITERIA®
Carswell Air Force Base, Texas

Mass lon Abundance Criteria

51 30-60% of mass 198

68 <2% of mass 69

70 < 2% of mass 69

127 40-60% of mass 198

197 <1% of mass 198

198 Base peak, 100% relative abundance
199 5-9% of mass 198

275 10-30% of mass 198

365 >1% of mass 198

441 Present but less than mass 443
442 >40% of mass 198

443 17-23% of mass 442

&J.W. Eichelberger, L.E. Harris, and W.L. Budde. "Reference Compound to Calibrate lon Abundance
Measurement in Gas Chromatography-Mass Spectrometry,” Analytical Chemistry, 47, 995 (1975]).
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BFB KEY IONS AND ABUNDANCE CRITERIA®

MASS ION ABUNDANCE CRITERIA

50 15-40% of mass 95

75 30-60% of mass 95

95 base peak, 100% relative abundance

96 5-9% of mass 95

173 less than 2% of mass 174

174 less than 50% of mass 95

175 5-9% of mass 174

176 greater than 95% but less than 101% of mass
174

177 5-9% of mass 176

* EPA Method 8240, SW-846, 3rd Edition, November 1986.
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3. After the preparation of each new initial five-point
calibration curve and after tune criteria are met for
each 12-hour time period, the initial calibration is
verified (using a midpoint calibration standard
containing all analytes) prior to running any samples.
This initial calibration verification (ICV) must satisfy
the above SPCC criteria. In addition, the percent
difference (%D) for the CCC must be less than or equal to
25 percent for the volatiles and less than or equal to 30
percent for the semi-volatiles. If these criteria are
not met for any single CCC, corrective action must be

taken or a new five point calibration must be performed.

4. Internal standards for GC/MS volatiles will be added to
each sample, standard and reagent blank. The final
concentration of each internal standard will be 50 ug/L.
The internal standards are as follows:

Bromochloromethane
1,4-Difluorobenzene

Chlorobenzene—d5

Table 1-10 presents the analytes quantitated by each
internal standard.

Internal standards for GC/MS semi-volatiles will be added
to each sample, standard, and reagent blank. The final
concentration of each internal standard will be 40
nanograms per microliter (ng/uL). The internal standards
are as follows:

1,4-Dichlorobenzene-d,
Naphthalene-dg
Acenaphthene-d,,

Phenanthrene-d,,

3517-0111.10 1-52



TABLE 1-10

18%

VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES

ASSIGNED FOR QUANTITATION
Carswell Air Force Base, Texas

74

Carbon disulfide
Chloroethane
Chloroform
Chloromethane
Dichlorodiflucromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,2-Dichloroethane-d4*
1,1-Dichloroethene
trans-1,2-Dichloroethene
lodomethane

Methylene chloride
Trichlorofluoromethane

Vinyl chloride

Carbon tetrachloride
Chlorodibromomethane
2-Chloroethyl vinyl ether
Dibromomethane
1,4-Dichloro-2-butene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

Vinyl acetate

BROMOCHLOROMETHANE 1,4-DIFLUOROBENZENE CHLOROBENZENE-d5
Acetone Benzene Bromofiuorobenzene*
Acrolein Bromodichioromethane Chlorobenzene
Acrylonitrile Bromoform Ethylbenzene
Bromomethane 2-Butanone Ethyl methacrylate

2-Hexanone
4-Methyl-2-pentanone
Styrene
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene

Toluene-d8*
1,2,3-Trichloropropane
Xylene

* Surrogate
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Chrysene-d,, 18";1 TR
Perylene-d,,

Table 1-11 presents the analytes quantitated by each
internal standard.

1.8.3.3 Metals by Inductively Coupled Plasma (ICP) - Metal
analyses on the ICP will follow current EPA SW846 method

procedures. The instrument must be calibrated daily or once every

24 hours and each time the instrument is set up. This includes the
following calibration procedure:

1. Verify instrument is operating satisfactorily by checking
automatic gain setting and optical alignment.

2. Calibrate instrument with matrix matched mixed standards
at four concentration 1levels and a blank. The
correlation coefficient must be greater than or equal to
0.995.

3. Verify the calibration with a 2nd source Initial

Calibration Verification (ICV) standard. The observed
result must be plus or minus ten percent of the expected
value.

4. Verify the calibration blank. The observed result must
be less than three times the detection limit.

5. Verify high-level standard calibration.

6. Every ten samples, a Continuing Calibration Verification
(CCV) /Continuing Calibration Blank (CCB) pair is run
which must be plus or minus ten percent of expected value

and less than three times detection limit, respectively.
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TABLE 1-11 187 73
SEMI-VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES

ASSIGNED FOR QUANTITATION

Carswell Air Force Base, Texas

1,4-DICHLOROBENZENE-d4

NAPHTHALENE-d8

ACENAPHTHENE-d10

Aniline

Benzyl alcohol
Bis{2-chloroethyl)ether
Bis(2-chloroisopropyllether
2-Chlorophenol
1,2-Dichiorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Ethyl methanesulfonate
2-Fluorophenol *
Hexachloroethane

Methyl methanesulfohate
2-Methylphenol
4-Methylphenol
N-Nitrosodimethylamine
N-Nitroso-di-n-propylamine
Phenol

Phenol-d6*

2-Picoline

Acetophenone

Benzoic acid
Bis(2-chloroethoxy)methane
4-Chloroaniline
4-Chioro-3-methylphenol
2,4-Dichlorophenol
2,6-Dichlorophenol
alpha,alpha-Dimethyl-phenethylamine
2,4-Dimethyiphenol
Hexachlorobutadiene
Isophorone
2-Methylnaphthalene
Naphthalene

Nitrobenzene
Nitrobenzene-d8 *
2-Nitrophenol
N-Nitroso-di-n-butylamine
N-Nitrosopiperidine

1,2,4-Trichlorobenzene

Acenaphthene
Acenaphthylene
1-Chloronaphthalene
2-Chloronaphthalene
4-Chlorophenyl phenyl ether
Dibenzofuran
Diethylphthalate
Dimethylphthalate
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Fluorene

2-Fluorobipheny! *
Hexachlorocyclopentadiene
1-Naphthylamine
2-Naphthylamine
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
4-Nitrophenol
Pentachlorobenzene
1,2,4,5-Tetrachlorobenzene
2,3,4,6-Tetrachlorophenol
2,4,6-Tribromophenol *
2,4,5-Trichlorophenol

2,4,6-Trichlorophenol

* Surrogate
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TABLE 1-11 187 74
SEMI-VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES

ASSIGNED FOR QUANTITATION
Carswell Air Force Base, Texas

PHENANTHRENE-d10

CHRYSENE-d12

PERYLENE-d12

4-Aminobiphenyl
Anthracene
4-Bromophenyl phenyl ether
Di-n-butylphthalate
4,6-Dinitro-2-methylphenol
Diphenylamine
1,2-Diphenylhydrazine
Fluoranthene
Hexachlorobenzene
N-Nitrosodiphenylamine
Pentachlorophenol
Pentachloronitrobenzene
Phenacetin

Phenanthrene

Pronamide

Benzidine
Benzo(a)anthracene
Bis{2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
3,3'-Dichlorobenzidine
p-Dimethylaminoazobenzene
Pyrene

Terphenyl-d14 *

Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
Dibenz(a,j)acridine

Dibenz(a,h)anthracene

7.12-Dimethylbenz(a)-anthracene

Di-n-octylphthalate
Indeno(1,2,3-cd)pyrene

3-Methylcholanthrene

* Surrogate
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7. Check for interferences. An interference check solution
must be analyzed at the beginning and at the end of the
run (or at least every eight hours); refer to EPA Methods
for acceptable limits which are plus or minus 20 percent.
The interference check solution contains aluminum,
calcium, iron, and magnesium.

1.8.3.4 Cold-Vapor Atomic Absorption - Mercury is analyzed using
cold-vapor atomic absorption (CVAA). An aliquot of sample is

acidified and then undergoes a heated, oxidation digestion with
potassium permanganate and potassium persulfate. After digestion,
a solution of sodium chloride-hydroxylamine sulfate is added to the
sample digestate to reduce excess permanganate and remove free
chlorine. A reducing agent (stannous chloride) is then added to
the solution, resulting in a reduction of the mercury to an
elemental state. The elemental mercury is aerated from the
solution in a closed system and the mercury vapor content is
measured as it passes through a cell positioned in the 1light path
of an atomic absorption spectrophotometer. The calibration
procedure is as follows:

1) Optimize instrument setting and alignment by maximizing
the energy setting.

2) Align cell minimizing absorbance reading.

3) Calibrate instrument with standards at five concentration
levels and a blank. The correlation coefficient must be
greater than or equal to 0.995.

4) Verify calibration by running an initial calibration
verification standard (ICV) and a calibration blank
(ICB). The observed result of the ICV must be within

plus or minus 20 percent of the expected value and the
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observed result of the calibration blank must be less

than three times the detection limit.

5) Analyze a CCV/CCB pair every ten samples. The response
must be within 20 percent of the initial response and

less than three times the detection limit, respectively.

1.8.3.5 Method E 418.1, Total Recoverable Petroleum Hydrocarbons -
Total recoverable petroleum hydrocarbons (TRPH) are defined by the
method used for their determination. The sample is extracted with
trichlorofluorocethane, passed through a silica gel adsorption
. process, and measured by infrared spectrophotometry. This
procedure is based upon EPA’s Method E 418.1 and SW-846 9073 (Test
Methods For Evaluating Solid Waste, Physical/Chemical Methods, SW-
846 3rd Edition, Proposed Update II, June 1990) for TRPHs and 413.2
and SW-846 9071A for oil and grease.

1.8.3.5.1 Calibration - Calibrate the infrared instrument, using
the appropriate series of working standards, using a 1 cm cell for
water samples and a 5 cm cell for soil samples. It is not
necessary to add silica gel to the standards. Determine absorbance
directly for each solution at 2930 cm’. Prepare a calibration plot
of absorbance versus milligrams petroleum hydrocarbons per 100 mL
solution on a calculator.

1.8.3.6 Metals by Graphite Furnace Atomic Absorption (GFAA) -
Metal analyses performed on the GFAA will follow current EPA SW 846
Methods. Instrument must be calibrated daily or once every 24
hours and each time the instrument is set up. This includes the

following calibration procedures:

1. The lamp must be peaked for position and for wavelength
(the temperature of the furnace 1is automatically
calibrated at 2600 degrees centigrade).
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2. After the proper conditions for each element are
programmed for furnace operation, distilled water is
injected and run as a sample. This is done several times
until the instrument response produces a steady base line
absorbance.

3. Verify instrument is operating satisfactorily by checking
the energy output of the lamp and by checking the
characteristic mass on the midpoint standard, which must
be plus or minus ten percent of the true value for that

standard.
4, Calibrate instrument with four standards and a
calibration blank. The calibration curve must have a

correlation coefficient of greater than or equal to

0.985.
5. Verify the calibration with a second source Initial
Calibration Verification (ICV) standard. The observed

result must be within plus or minus ten percent of the
expected result.

6. Verify the calibration blank. The blank must be less
than three times detection limit.

7. Verify low level standard calibration.

8. Every ten samples, a Continuing Calibration Verification
(CCV) and Continuing Calibration Blank (CCB) pair is run
and must be plus or minus ten percent of expected value
and less than three times the detection 1limit,
respectively.
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The following sections describe the reduction, wvalidation, and

reporting of data employed after samples are analyzed.

1.9.1 Data Management

Analytical data are collected and processed in accordance with the
requirements of the laboratory’s protocols. These requirements
include sample documentation and data collection. Sample/data flow

is outlined in Appendix B for each laboratory.

1.9.2 Data Reduction

Raw data are to be reduced as specified by each method to produce
results in the following units:

SOLID AQUEOQUS
Organic parameters mg/kg ug/L
Inorganic parameters mg/kg mg/L

Note that for the organic and inorganic parameters, solid and
sediment results will be corrected for the percentage of solids in
the sample ("dry weight").

1.9.3 Data Quality Assessment

The parameters of ©precision, accuracy, representativeness,
completeness, and comparability (PARCC) are indicators of data
quality (USEPA, 1987a). Establishing goals for these parameters
serves to guide the choice of the analytical methodology. It also

establishes a strategy for the evaluation of the data once they
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have been acquired to determine whether the goals of the project
have been met. Upon their receipt from the 1laboratory, the
chemical analysis data will be evaluated by experienced personnel
against pre-determined criteria to determine whether their quality
meets the requirements of the project. The laboratory quality
control (QC) data and the field QC data will be evaluated to
objectively ascertain the level of quality of the data. Any issues
requiring clarification by the laboratory or the samplers will be
identified and pursued at this point. The data quality level will
then be compared to that required by the project. If problems are
found, qualification of the affected data points will be
recommended. Upon determination of the level of quality for each
data point, interpretation of the data can then be performed. The
following sections describe the data quality evaluation and data
qualification processes.

1.9.3.1 Data Quality Evaluation - The objective of the evaluation

of the quality of the chemical data is to determine 1if
qualifications of the data are necessary. This evaluation will be
based upon the evaluation of the laboratory QC data, the field QC
data, and the project DQOs presented in Section 1.4. The first
step will be to perform an evaluation of the laboratory QC data, a
process often termed "data validation." This will provide a rating
of the quality of each data point produced by the laboratory. The
second part will provide an overall rating of each data point based
upon the field QC data. The final step in the evaluation will
compare the quality of the data acquired to the project’s DQOs to

determine whether the data are useful. These three steps are
described in the following sub-sections. Each step will be
completely documented. The overall goal of the data quality

evaluation is to determine whether the data can be used to satisfy
the objectives of the project.
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Evaluation of Laboratory OC Data - Laboratory QC data for an

analytical parameter fall within one of eight categories for
evaluation purposes. These categories are listed in Table 1-12 in
the order in which they will be considered. All QC data provided
will be evaluated against the criteria established by each method
after modification as presented in this document to achieve the
objectives of this project. Each review will be completely
documented to 1indicate the criteria used and the results and
recommendations of the evaluation. For this investigation the
evaluation of the calibration will be performed by the Law
Environmental National Laboratory in Pensacola. This laboratory
verification of method calibration is in compliance with an AFCEE

Level I data package.

Evaluation of Field QC Data - Field QC data for an analytical

parameter fall within one of eight categories for evaluation
purposes. These categories are also listed in Table 1-12 in the
order in which they will be considered. QC data provided will be
evaluated to assure the objectives of this project are achieved.
Each review will be completely documented to indicate the criteria
used and the results and recommendations of the evaluation.

Usability Determination - Once the laboratory and field QC data

have been evaluated, the uncertainty associated with each data
point can be estimated. The estimated\accuracy and precision of
each data point can then be compared to the data quality objectives
of the project to determine its usefulness for evaluating the site.
Recommendations for the qualification of a data point can also be
made when necessary.

Precision will be determined by evaluation of the RPDs for the
laboratory and field duplicates. The laboratory and field blank
data, MS/MSD and surrogate (if applicable) recoveries, and other
applicable QC data will be used to determine the accuracy of the

data. The evaluator will wuse their judgement based wupon
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TABLE 1-12

DATA EVALUATION CATEGORIES

RCRA Facility investigation wlay
Carswell Air Force Base, Texas 1& 7 81

CATEGORY

QC DATA EVALUATED

LABORATORY QC:

1. Sample Integrity

2. Instrument Set-up/Method Applicability

3. Calibration Accuracy and Precision *

Calibration Stability *
Laboratory Contamination
Method Accuracy and Precision

Sample Preparation

® N o o &

Sample Analysis

FIELD QC:
1. Sample Integrity

Location Installation

Sampling Procedures
Contamination From Sampling
Contamination From Site
Contamination From Shipping

Sampling Precision

® NP O AW

Miscellaneous *

Sample container condition; preservation performance
and applicability; condition upon receipt at laboratory

Correct method; detection/quantitation limits
achieved; method applicability for analytes and
matrix, instrument set-up

Standard preparation; accuracy verification, precision
achieved

Stability verification; frequency of performance
Laboratory blanks

Method accuracy and precision data
Procedures; holding times

Procedures and sequences; holding times; sample-
specific accuracy and precision; interferences;
dilutions

Sample container condition; preservation performance
and applicability; condition prior to shipment; custody

Sampling location installation
Sampling protocols

Rinsates

Field blanks (volatile organics only)
Trip blanks (volatile organics only)
Field duplicates

Blind QC samples; performance evaluation data; split
sample data

* These categories are assumed to be correct and will not be provided for evaluation.
* No blind data for QC samples, blind performance evaluation samples, or split samples will be collected.
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established principles and the guidelines described in this
document in the assignment of gqualifications to the data.

The completeness parameter will ©be evaluated after the
determination of the usability of each data point; it will be
expressed in quantitative terms and then compared to the project
objectives to determine whether enough data were collected.
Representativeness will be determined through an evaluation of
sampling procedures and locations utilized and will be expressed in
qualitative terms. Comparability will be determined by the
evaluation of data quality analytical methodologies, reporting
units, and the traceability of standards and will also be expressed
in qualitative terms.

1.9.3.2 Data Qualification - Each data point will essentially be
graded as falling into one of the following categories:

Usable as reported
Usable with qualifications
Unusable

These categories correspond to the three established for the DQOs
in Section 1.4. Data for which the laboratory and field QC data
are all within acceptance limits will be assigned the grade "usable
as reported." Data for which slight QC problems are indicated but
the QC data are still within the action limits will be assigned the
grade "usable with qualifications." These data may still be used
if the QC problems are not excessive. Data for which the
corresponding QC data are outside the action 1limits will be
assigned the grade "unusable" and will not be used. Each data
point will receive a flag indicating its level of quality. The
flags to be used are presented in Table 1-13.
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TABLE 1-13

DATA QUALIFICATION FLAGS
RCRA Facility Investigation
Carswell AFB, Texas

FLAG

POSITIVE RESULTS

NEGATIVE RESULTS

FLAGS FOR DATA WITHIN ACCEPTANCE LIMITS (Usable as Reported)

(no flag)

{Use datum without qualification}

{Use datum without qualification}

FLAGS FOR DATA WITHIN ACTION LIMITS (Usable With Qualifications)

J

JB

JH

JL

Jd

FLAGS FOR DATA OUTSIDE OF ACTION LIMITS (Unusable)

R

Estimated quantitation based upon QC
data

Estimated quantitation: possible biased
high or false positive based upon blank
data

Estimated quantitation-possibly biased
high based upon QC data

Estimated quantitation-possibly biased
low based upon QC data

Estimated result due to dilution

Datum rejected based upon QC data: do

not use

MISCELLANEOUS FLAGS

t

Tentatively identified compound; identity

not confirmed with standard and
quantitation estimated®

Estimated quantitation based upon QC
data

(Not applicable)
(Not applicable)
Possible false negative based upon QC

data

Reporting limit raised due to dilution

Datum rejected based upon QC data: do
not use

{(Not applicable)

® Applicable to GC/MS data only
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1.9.4 Data Reporting

Data reports will be included in the technical reports preparation.
The data will be presented as tables or in the appendices of the
report. Tables will include the following information:

Sampling dates

Extraction and analysis dates

Surrogate recovery (if applicable)

MS/MSD results

Duplicate/replicate results

Rinsate results

Positive results

Field characterization data (pH, SC, temp)
Control limits (surrogates, MS/MSD, duplicates)

1.10 INTERNAL QUALITY CONTROL CHECKS

The following sections describe the quality control checks employed
in the field and laboratory.

1.10.1 Field Quality Control

Quality control of field measurements will be utilized through the
calibration of instruments. The control parameters, control

limits, and corrective actions are outlined in Section 2.4.

1.10.2 Laboratory Quality Control

The minimum requirements of the laboratory quality control consist
of an initial demonstration of laboratory capability and an ongoing
analysis of quality control samples to evaluate and document data

quality. The laboratory must maintain records to document the
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quality of the data generated. Ongoing data quality checks are
compared with established performance criteria to determine if the
results of analyses meet the performance characteristics of the
method. When results of quality control samples indicate atypical
method performance, a quality control check standard must be
analyzed to confirm that the measurements were performed in an in-
control mode of operation. Calibration stability will be assessed
and documented utilizing the procedures and at the frequency
specified in each method.

Before processing any samples, the analyst should demonstrate,
through the analysis of a reagent water blank, that interferences
from the analytical system, glassware, and reagents are under
control. Each time a set of samples is extracted or there is a
change in reagents, whichever is more frequent, a reagent water
blank should be processed as a safeguard against chronic laboratory
contamination. The blank samples should be carried through the

stages of the sample preparation and measurement steps.

If any analyte fails the acceptance criteria for recovery, a QC
check standard for each analyte that failed must be prepared and
analyzed. As part of the QC program for the laboratory, method
accuracy for each matrix studied must be assessed and records must
be maintained.

The types and numbers of laboratory quality control samples to be
used are presented in Tables 1-14 through 1-18 by matrix and

parameters. They are defined as follows:

Method blanks. Method blanks consist of organic-free or deionized

water that is carried through the analytical scheme like a sample.
They serve to measure contamination associated with laboratory
storage, preparation, or instrumentation. For most analyses, a
method blank is analyzed for each batch and at a frequency of 1 per
20 samples if more than 20 samples are run in a given batch. If
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187 92
the analyte of interest is above the reporting detection limit,
corrective action should be taken except for common solvents such

as methylene chloride, acetone, toluene, 2-butanone and phthalates.

Sample blanks. Sample blanks are used when characteristics like

color or turbidity interfere with a determination. In a
spectrophotometric method, for example, the natural absorbance of
the sample is measured and subtracted from the absorbance of the

developed sample. Sample blanks are run only as necessary.

Calibration blanks. Calibration blanks are prepared with standards

to create a calibration curve. They differ from the other
standards only by the absence of analyte and provide the "zero-
point" for the curve.

Internal standards. Internal standards are measured amounts of

certain compounds added after preparation or extraction of a
sample. They are used in an internal standard calibration method
to correct sample results suffering from capillary column injection
losses, purging losses, or viscosity effects. Internal standard
calibration is currently used for volatile organics, chlorinated
pesticides and GC/MS extractables.

Surrogates. Surrogates are measured amounts of certain compounds

added before preparation or extraction of a sample. The recovery
of a surrogate is measured to determine systematic extraction
problems. Surrogates are added to all samples analyzed for

chlorinated pesticides, GC/MS extractables and volatiles, and GC
volatiles.

Spikes. Spikes are aliquots of samples to which known amounts of
analyte have been added. They are subjected to the sample
preparation or extraction procedure and analyzed as samples. The
stock solutions wused for spiking are purchased or prepared
independently of calibration standards.
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The spike recovery measures the effects of interferences in the

sample matrix, and reflects the accuracy of the determination.
Spike recoveries are calculated as follows:

Check Standard

Method Standard Percent Recovery =-99§§5¥9% x 100
Check Sample Expecte
Matrix Spike Percent Recovery = §§B§i—§5 x 100
where:

SSR = spike sample result

SR = sample result

SA = spike added from spiking mix

Spikes are prepared and analyzed for all method analytes with each
batch and at a frequency of at least 1 MS and 1 check standard per
20 samples if more than 20 samples are run in a given batch, or as
required by the specific analytical method.

Spike recoveries are stored in the laboratory database and are
retrievable for statistical analysis. Laboratory control limits
are calculated for individual matrix types when 20 data points
become available.

Duplicate or Duplicate Spikes. Duplicate spikes are additional

spiked aliquots of samples subjected to the same preparation and
analytical scheme as the original spike sample. The relative
percent difference (RPD) between duplicates or duplicate spikes
measures the precision of a given analysis. RPDs are calculated as
follows:

sRPD = BL “R2 o 140
Rav
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S1 - 82

$RPD = ————— x 100
Sav
where:

Rl and R2 = duplicate determinations of the analyte
in the sample

S1 and S2 = the observed concentrations of analyte in
the spike and its duplicate

Rav = the average determination of the analyte
concentration in the original sample

Sav = the average of the observed analyte
concentrations in the spike and its
duplicate

Duplicates or duplicate spikes are prepared and analyzed for each
method analyte with each batch, or at a frequency of at least 1 per
20 samples if more than 20 samples are run in a given batch.

RPDs are stored in the laboratory database and are retrievable for
statistical analysis.

Laboratory Control Standards. Laboratory Control Standards (LCSs)
and Quality Control Check Samples (QCCSs) are aliquots of organic-
free or deionized water to which known amounts of analyte have been
added. They are subjected to the sample preparation or extraction
procedure and analyzed as samples. The stock solutions used for
LCSs are purchased or prepared independently of calibration
standards. The LCS recovery tests the function of analytical
methods and equipment. For inorganic and metals analyses, the
percent recovery for LCSs is compared to method specific criteria,
and the analytical system is considered to be in control when these
analyte specific criteria are met. When a result of an organic
method aqueous matrix spike and/or matrix spike duplicate indicates

atypical method performance, a quality control check standard will
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be analyzed to confirm that the measurements were performed in an

in-control mode of operation for that analyte.

The acceptance criteria for the LCS is a recovery range of 80 to
120 percent. The acceptance criteria for the QCCS is stated in
each method.

LCSs are prepared and analyzed for all method analytes with each
batch or at a frequency of 1 per 20 samples if more than 20 samples
are run in a given batch. Laboratory control limits are calculated
when 20 data points become available.

The LCS is used to monitor overall performance of all steps in
analysis, including sample preparation. If the LCS results fall
within 20 percent of the expected or true value calibration curve,
this verifies that instrument performance, calibration and sample
preparation are satisfactory. When the LCS is used in conjunction
with matrix spikes, matrix spike recovery evaluation can be better
interpreted as either matrix interference, sample preparation error
or matrix spiking solution preparation error.

1.10.3 Control Limits

Control limits for this project are method specific and laboratory
established. Control limits for each analytical method will be
experimentally established and reevaluated at regular intervals.
Control limits are developed by the laboratory based on historical
data. If historical data are not complete then control limits are
set based on those established by the method. Appendix A presents
the control limits for each analytical method including frequency,
acceptance criteria, and corrective action.
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1.11 PERFORMANCE AND SYSTEM AUDITS

Law views quality assurance as the means by which the effectiveness
and quality of its various participating departments are gauged as
they carry on day-to-day operations under the QA/QC program. The
major goals associated with the QA/QC program are listed below:

QA reviews should help ensure compliance with mandated QC
procedures.

QA reviews provide a structured means of communicating
problems between the technical and administrative portions
of the company.

QA procedures are designed to ensure operating regularity
between the various branches of Law.

QA audits provide a mechanism by which our QC procedures

are constantly being reviewed and updated in an orderly
fashion.

1.11.1 Systems Audits

Systems audits are qualitative evaluations of each component of
field and laboratory QC measurement systems. A systems audit will
be performed periodically and will consist of inspecting the
following procedures:

Sampling

Sample custody

Sample storage and preservation
Standard preparation

Sample preparation

Analytical methodology
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. Preventative maintenance f e
Personnel qualifications
. Corrective actions, reporting and documentation of out-of-
control events

Recordkeeping

Law will submit to on-site external systems audits by AFCEE or any
other appropriate regulating agency.

1.11.2 Performance Audits

A performance audit is a guantitative evaluation of a measurement
system. Law participates in the following performance evaluation
programs:

EPA, Environmental Monitoring Support Laboratory -
Cincinnati

Florida Department of Environmental Regulation (DER)
EPA Inorganic and Organic CLP

U.S. Army Corps of Engineers, Missouri River Division
Florida Department of Health and Rehabilitative Services
(FDHRS)

U.S. Air Force Performance Audit conducted by MITRE, in
support of AFCEE

Periodically, blind QC samples are entered into the samples flow
scheme. Since blind QC samples are difficult to enter into the
laboratory without the knowledge of the analysts, the QA Manager
relies heavily on the performance evaluation programs by outside

sources and QC samples such as matrix spikes, duplicates and
surrogates.
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1.11.3 Certifications 187 an

Law Environmental National Laboratories 1located in Pensacola,
Florida currently holds certifications with several states for
various matrices and parameters. They are also certified with the
COE, USAF, and USEPA.

1.12 PREVENTIVE MAINTENANCE

Equipment maintenance is the responsibility of the analyst and the
Department Manager. All repairs and/or modifications are recorded
in bound maintenance logbooks. Daily eqguipment checks include
visual and/or manual inspections of cooling fans, pumps, indicator
readings, detectors, gas supplies, and other method-specific
inspections. Service schedules are established for performing
routine preventive maintenance on all major equipment. Tables 1-19

through 1-23 list the maintenance required for each instrument.

1.13 FIELD AND LABORATORY PROCEDURES USED TO ASSESS DATA QUALITY
INDICATORS

1.13.1 Formulas

Accuracy - Accuracy is a measure of the bias in a system. Accuracy
is defined as the degree of agreement of a measurement with an
accepted reference or true value. To determine the accuracy of an
analytical method, a sample spiking program will be conducted. The
results of sample spiking will be used to calculate the quality
control parameter for accuracy evaluation, the Percent Recovery
(%R) . The Percent Recovery 1is defined as the observed
concentration, minus the sample concentration, divided by the true
concentration of the spike, multiplied by 100.
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TABLE 1-19

ROUTINE MAINTENANCE SCHEDULE FOR GC
Carswell Air Force Base, Texas

Maintenance Frequency
1. Check carrier gas supply Daily
2. Check head pressure Daily
3. Change septums As needed
4, Change carrier gas filters As needed
5. Check baseline and detector response Quarterly

at highest sensitivity

6. Air dust electronics and main frame Annually

3517-0111.10



TABLE 1-20 » 0« o
187150
ROUTINE MAINTENANCE SCHEDULE FOR GC/MS

Carswell Air Force Base, Texas

Maintenance Frequency
1. System Diagnostics

a. Scan box 1/0 test Daily

b. Scan box DMA test Daily

c. MS 1/0 test Daily

d. Filament test Daily

e. RF power test Daily

f. Electromultiplier test Daily

g. Background signal noise test Daily
2. Vacuum/Carrier Flow Check

a Column headpressure check Daily

b Vacuum check Daily

C. Replace septum As needed

d Leak check and tighten fittings As needed
3. Instrument Tune Check

a. BFB/DFTPP tune check Daily

b. PFTBA tuning As needed
4. Calibration Check

a. VOA standards check Daily

b. BNA standards check Daily

Replace inlet liner As needed

5. Clean source As needed
6. Clean quadrupole rods As needed
7. Replace column As needed

{or remove front end)
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TABLE 1-21

ROUTINE MAINTENANCE SCHEDULE FOR ICP

Carswell Air Force Base, Texas

187101

MAINTENANCE FREQUENCY
Check Argon pressure at tank and at nebulizer. Daily
Inspect cooling water supply. Daily
Inspect vacuum pump. Daily
a. Qillevel
b. Vacuum monochromator gauge
Inspect peristaltic pump windings and capillary tubing. Daily
Check ICP ignition sequence. Daily
a. Argon to torch
b. Preignition discharge
c. Ignition
Disassemble and clean ICP nebulizer, spray chamber and torch Weekly
assembly.
Check peak resolution and monochromator stability using Weekly
profile routines and internal Hg lamp.
Change pump windings and all capillary tubing to nebulizer. Monthly
Change vacuum pump oil. Monthly
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TABLE 1-22 & b )
187192
ROUTINE MAINTENANCE SCHEDULE FOR AA SPECTROPHOTOMETER

Carswell Air Force Base, Texas

Maintenance

1. Contact cylinders, tube, and platform should be cleaned and checked each day before running
samples. Use cotton swab and methanol for cleaning.

2. Contact cylinders should be checked for cracks and pitting. Tubes should be checked for
pitting, peeling pryolitic coating and burn marks around sample port hole. Any of the above
indicate a worn tube or cylinder.

3. Furnace/spectrometer windows should be checked and cleaned daily.
4. Check coolant level in recirculator and temperature setting daily.
5. Spectroscopy lab should be wet mopped, counters dusted, and exterior of instruments cleaned

on a weekly basis to ensure a dust-free environment.

6. Consult instrument operations manual for further maintenance instructions.
7. All maintenance is to be recorded in the Maintenance Log Book.
8. Argon gas pressure to furnace should be 60 psi. Check regulator to ensure proper pressure.
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TABLE 1-23

ROUTINE MAINTENANCE SCHEDULE FOR IR SPECTROPHOTOMETER 1871493
Carswell Air Force Base, Texas

MAINTENANCE FREQUENCY
1. Check air filter. Depends on use
2. Remove cuvette from sample compartment. Daily
3. Keep instrument clean from spills. Daily
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X-T

R = X 100 s
187104

where:
X = analytical result from the spiked

sample
T = analytical result from the

unspiked aliquot
K = known value of the spike
¥R = percent recovery

To determine accuracy, surrogate, matrix spike and matrix spike
duplicates (MS/MSD), and internal standards will be analyzed. The
control limits will be based on the mean percent recovery plus or
minus 3 standard deviations of the mean using a population of 20
recovery values.

Precision - Precision is the measure of mutual agreement among
individual measurements of the same property, usually under
prescribed similar conditions. Precision 1is best éxpressed in
terms of standard deviation or Relative Percent Difference (RPD)
Precision is inferred through the use of duplicate samples. RPD
for each component is calculated using the following equation:

RpD = — 2 "B~ 100
(A + B)/2

where:

A = replicate value 1

B = replicate value 2

RPD = relative percent difference

The calculated Percent Recovery and RPD will be summarized. The
RPD data will be used to evaluate the long term precision of the
analytical method.
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To determine precision, matrix spikes and matrix spike duplicates
will be analyzed. The control limits will be based on a population
of ten RPD values. They are calculated by determining the mean RPD
plus three times the standard deviation for the upper limit and
zero as the lower limit.

Completeness - Completeness is a measure of the amount of wvalid

data obtained from a measurement system compared to the amount that
was expected to be obtained under correct or normal conditions.
The result is expressed as a percentage.

Percent completeness = Number of valid measurements . 4,

Total number of measurements

The percent completeness for this project is 90 percent.

1.13.2 Control Limits

Control limits for analytical methods are presented in Appendix A.
Control limits are developed by the laboratory based on historical
data. If historical data are not complete then control limits are
set based on those established by the method.

1.13.3 Documentation

Completeness and comparability of data are insured by adherence to
a standard data-set protocol and checklist of data required to be
available on laboratory report sheets for each type of analysis
conducted. Each parameter data book must contain all data and
calculations associated with each independent determination. These
include such things as sample weight(s), dilution factor(s),

applicable determinative measurements such as titration wvalues,
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spectrometer readings, injection quantities, and standard(s)
identity and concentrations, as well as all calculations related to
each final value reported. Each laboratory report sheet will be
checked and initialed by a second competent scientist other than
the person who did the analysis to insure completeness of data and
correctness of all calculations in the report. For the occasional
project involving very critical samples on which serious action is
contemplated, the entire set of analyses on the same sample(s) will
be independently audited by a special project quality assurance
officer, (for example, the analysis of drinking water samples from
residential wells where compounds were found to exceed the MCL).
Samples collected at Carswell AFB are not considered to be in this
category. Work sheets, chromatograms, spectra, etc., associated
with every analysis will be present in the parameter data book.
These will give instrument operation parameters and details of
instrument set-up, such as columns used, mobile and stationary
phases and concentrations, temperatures, detectors, spectrometer
type, wavelengths, etc., as applicable for the type analysis. Work
sheets will bear a unique 1laboratory number identifying that
sample, relating the laboratory data sheets to the sample. Each
sheet will be recorded with dates and times and bear the laboratory
analyst'’s initials.

1.14 CORRECTIVE ACTION

An effective QC program requires rapid and thorough correction of
the QC problems. Rapid corrective action (CA) minimizes the
possibility of questionable data on any project. The need for
corrective action originates when an inadequacy is found in the
method of analysis (e.g., inappropriate calibration) or a
determinate error occurs (e.g., calibration error due to standards
failure). Failures of the first kind are precluded by LENL and
Regulator/Contractee audits which evaluate analytical SOPs. The
analytical SOPs incorporate mechanisms to detect the existence of

determinate errors and specify the procedures to correct them.
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Depending on the nature of the CA, it is classified as one of two
types, immediate and long-term. Immediate corrective actions are
the correction of procedures or repair of instrumentation that is
working improperly. Long-term corrective actions are the
correction of systematic errors, such as the detector on a GC
becoming dirty and losing sensitivity. Corrective actions
associated with field activities are presented in Section 2.4.3.

1.14.1 Response

Many times the source of a nonsystematic problem is obvious to the
analyst and can be corrected immediately. Immediate corrective
action routinely made by field technicians or laboratory analysts
should be documented as normal operating procedures in instrument
log books or personal notebooks. The Supervisor and analyst should
compile a list of commonly encountered problems and the appropriate
routine corrective actions (in addition to manufacturer’s
troubleshooting guides). The Operations Manager and QA/QC
Coordinator are responsible for approving all corrective actiomns.
Appendix A 1lists the corrective actions necessary for each
analytical method.

1.14.2 Reestablishment of Control

Corrective action is not complete until the problem has been
effectively and permanently solved. Follow-up action to ensure
that the problem remains corrected is a vitally important step in
the corrective action procedure. Routine corrective actions, such
as recalibrating the instrument, are incorporated into the Standard
Operating Procedures (SOPs). Major corrective actions, such as a
systems failure, are handled in the following manner: Once a
problem has been technically defined, the Operations Manager and
the QA/QC Coordinator discuss the problem and jointly take the
following steps:
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1. Determine that specific corrective action is needed to

eliminate the problem and assign responsibility for

investigating, implementing, and documenting the
situation.
2. Set a time schedule for determining the required action.
3. Assign responsibility and time schedule to implement the

desired action.

4. Establish degsired effectiveness of the corrective action
and implement the correction.

5. Verify that the corrective action has eliminated the
problem and document.

1.14.3 Documentation

To provide a complete record of QC activities, QC problems and
corrective actions applied must be documented. Historical records
assist laboratory management in identifying long-term corrective
actions, such as personnel training, replacement of
instrumentation, improvement of sampling procedures, etc.
Corrective action documentation forms for laboratory operations are
presented 1in Appendix B. Corrective action documentation
associated with field activities are recorded on Daily Quality

Control Forms. These forms are presented in Section 2.5.

1.15 QUALITY ASSURANCE REPORTS

The management is informed of QA activities in three ways: (1) by
immediate verbal notification of QA problems, (2) by interim QA
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reports, and (3) written QA reports. The following subsections
discuss the reporting procedures to Dbe followed and report
contents.

1.15.1 Reporting Procedure

An Analytical Data Informal Technical Information Report (ITIR)
will be prepared by the Project Chemist, reviewed by the Project
Manager and submitted by Law Environmental Government Services
Division at the end of the sampling and analysis activities to the
AFCEE TC. The data will also be submitted to the USAF TPM in a
format compatible with the USAF’'s Installation Restoration Program
Information Management System (IRPIMS) data base.

1.15.2 Report Content

The format of the Analytical Data ITIR will substantially follow
the format specified by the USAF (AFCEE, 1991). The format of the
IRPIMS deliverable will correspond exactly to the format specified
by the USAF (AFCEE, 1991; AFCEE, 1993a; AFCEE, 1993Db). The
internal management of these deliverables is performed by a QA
audit between the LENL-P Chemical Lab Manager and the LEGS Project
Manager (see Figure 1-5). The QA audit reporting function is
facilitated by direct correspondence between the LEGS Chemistry
Program Lab Coordinator and the lab.
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2.0 FIELD SAMPLING PLAN (FSP)

Field tasks to be conducted at the Carswell AFB RFI sites are
explained in detail in the following text.

2.1 FIELD OPERATIONS

The field investigations at the Unnamed Stream and POL Tank Farm
sites which are located in the east area of Carswell AFB (Figures
2-1 and 2-2) will include the following activities:

- Geophysical surveys
Geochemical survey
. Installation of new monitoring wells
Aquifer testing
Soil, sediment, ground-water sampling (three rounds), and
surface water sampling

The proposed geochemical locations for the POL Tank Farm are
presented in Figure 2-3. The proposed monitoring well location for
the Unnamed Stream is presented in Figure 2-2. The methods for
conducting the field operations and activities are discussed in the
following sections.

2.1.1 Site Reconnaissance, Preparation and Restoration

The two sites under this RFI were visited on April 14th, 1993, by
representatives of Law, AFCEE, and Carswell AFB. During the site

visit, AFCEE representatives outlined the RFI field tasks at each
site.

Prior to commencement of field operations, all sites will be
inspected and new monitoring well locations will be staked. The
sites will also be inspected for access routes.
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FIGURE 2-1
LOCATION OF EAST AREA SITES
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Site preparation will include removal of obstructions (if needed)
and utility clearances by base personnel. Specific information

concerning field office space, decontamination area, and drum

staging areas will be coordinated with base personnel.

Upon completion of field activities, each site will be restored to
a condition that as closely as possible approximates the condition
of the site prior to field activities.

2.1.2 Surface Geophysical Survey

A geophysical survey will be performed at both sites to help
characterize the near surface conditions and to locate utilities
and abandoned tanks and pipechases. A single type of geophysical
survey (ground penetrating radar) will be performed at Carswell AFB
during the field work.

2.1.2.1 Ground Penetrating Radar - GPR is a geophysical technique
which can provide high resolution data on surficial geology. The
technique is used in general to map shallow bedrock, soil and water
table features, and locate underground pipes and tanks. At
hazardous waste sites, ground penetrating radar is also used to
locate trenches, lagoons, buried drums, contaminant plumes and
other structural and contaminant-related features. The depth of
penetration is dependent upon the types of soil and the electrical
properties of the subsurface. In silts and clays the depth of
penetration may be on the order of only a few feet, while in dry

sands the depth of penetration may extend to tens of feet.

A high frequency signal (typically in the 100 to 1000 Mhz range) is
transmitted into the subsurface through a transmitting antenna and
the resulting signal is received by a second antenna. The received
signal may include an air wave, a ground wave, and reflected

signals from subsurface boundaries, all in superposition.
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The particular frequency range at which the radar operates is
determined by radio frequency electronics and the specific antennas
used. Typically in geologic materials, the lower the frequency
range of the radar the greater the penetration range, assuming the
transmitter output power and receiver sensitivity are not varied.
The ability to resolve variations in electrical properties which
have small spatial extent increases as the frequency increases,
assuming a constant center-freguency to system-bandwidth ratio. It
is necessary, therefore, to use antennas having the optimum
frequency range and bandwidth characteristics to see the desired

electrical variations in the particular geologic medium.

A GEODAR-I, Model-2441, or equivalent unit, will be used at the
Carswell sites. A typical radar unit consists of a timing control
unit which synchronizes all timing for the transmitter, receiver,
data recorder, and data display. The transmitter and receiver
electronics are located in the respective antenna modules. They
are connected to the control unit through cables. Only the timing
signals, the audio frequency facsimile of the received signal, and
the DC voltage are carried on this cable.

The receiver has a sampling head similar to a sampling
oscilloscope. The sampling head uses the repetitive nature of the
received signal to transform the radio frequency signal into audio
frequency facsimile. The transmitter sends out pulses and the
receiver samples the received pulse for a small interval of the
pulse duration. After each transmitter pulse, the sample window is
moved in time and this is repeated until a complete scan of the
pulse is obtained. The rapid rate at which the data is collected
presents a virtually continuous record. During the survey, the
antennas can be moved continuously over the line of interest. The
sampled audio frequency signal is sent to the control unit where it
is amplified, filtered and then monitored on an oscilloscope. The
signal is recorded on an electrostatic recorder.
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The electrostatic recorder uses a variable gray scale to display
the data. Each scan draws a line across the paper in the direction
of increasing signal travel time with the intensity dependent upon
the radar signal amplitude.

The received radar signals are filtered before recording using
audio frequency analog filters located in the control unit. Analog

filtering helps to remove some of the equipment-generated noise.

For a routine reconnaissance map of reflections in the ground, the
antennas are mounted rigidly at a known separation and moved along
the profile line. The resultant trace shows reflection travel time
versus position along the profile. In the profile mode, the travel
time is related to the reflector depth and signal propagation
velocity.

2.1.3 Geochemical Survey

A ground-water field screening will be performed at the POL Tank
Farm.

Ground-water samples will be collected for screening and analyses
using a cone penetrometer type sampling system at Carswell AFB as
part of the RCRA facility investigation effort. The intent of this
activity is to conduct an evaluation of the nature and extent of
ground-water contamination at Carswell AFB. The contaminants of
concern are petroleum hydrocarbons. This screening and analyses
will be conducted by Transglobal Environmental Geochemistry (TEG),
Texas located in Austin, Texas. TEG utilizes hydraulic drivepoint
rigs to perform the ground-water screening. The Strataprobe™ is a
cone penetrometer type sampling system developed by TEG.
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2.1.3.1 Strataprobe™ - The Strataprobe™ ground-water field

screening will be performed at the POL Tank Farm. The POL Tank
Farm is located in the east area of Carswell AFB, west of and
adjacent to Knight'’s Lake Road and north of Hobby Shop Road (Figure
2-1). Twenty-two Strataprobe™ samples will be collected at the POL
Tank Farm to provide supplemental geochemical information in order
to delineate the extent of the ground-water contamination. Three
Strataprobe™ locations will be held in reserve for discretionary

reasons once the ground-water field screening is implemented.

The sampling tool of the Strataprobe™ will be hydraulically pushed
to the water table, which i1s estimated to be at 10 feet.
Collection of the ground-water samples will be performed with a
cone penetrometer equipped with a screened intake and sample
chamber (Figure 2-4). The tool is advanced to the target depth and
the outside drive casing is retracted 1 foot to expose the screen.
Upon f£illing of the sample chamber, the tool can be withdrawn from
the boring, and the sample transferred to the appropriate
containers. These water samples will be analyzed in the field by
TEG for the parameters listed in Table 2-5. Approximately 10
percent of these samples will be sent to an off-site laboratory for
confirmation. The cone penetrometer will be decontaminated after
each sample is containerized. Equipment decontamination procedures
are described in Section 2.1.8.

2.1.4 Borehole Construction, Lithologic Sampling and Logging

A soil boring will be performed to allow installation of each
monitoring well. The so0il boring will provide subsurface
information for well design and site stratigraphy. The soil boring
will be observed by a qualified geologist or geotechnical engineer.
The geologist/engineer will 1log the subsurface conditions
encountered in the boring, and record the information on a soil
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boring log. An example of a soil boring log is shown in Figure
2-5. Any other additional information concerning the boring will

also be recorded on the log. Soils will be classified using the
Unified Soil Classification System (ASTM D 2488-69).

Hollow-stem augering will be the preferred technique for all soil
borings. The augers will have a minimum inner diameter (I.D.) of
6.25 inches to allow installation of the wells as described in
subsequent report sections. It is anticipated that use of the
hollow-stem augers will provide a sufficiently stable hole for soil
sampling and monitoring well installation. If drilling fluids are
to be utilized, a sample of the fluids introduced to the borehole
will be analyzed to evaluate potential constituents introduced into
the monitoring well.

2.1.5 Monitoring Well Construction and Installation

2.1.5.1 Construction - The monitoring wells will be installed to
accomplish the following objectives: to collect representative
ground-water samples; to prevent contamination of the aquifer by
the drilling equipment; to prevent inter-aquifer contamination; and
to prevent vertical seepage of surface water into the monitoring
well water-intake zone. The equipment, procedures and personnel
that will be used at the Carswell AFB to accomplish these
objectives are discussed below.

The monitoring wells will be designed to intercept the upper
portion of the water-table aquifer. The screen will be placed so
that it intercepts the maximum upper fluctuation of the water
table. Vertical fluctuation of the surficial aquifer water table
at Carswell AFB generally does not exceed 5 feet over the course of
a 1l2-month period (personal communication, J. Bartelino, U.S.

Geological Survey, 1993). Seasonal fluctuations in the water table
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will be taken into account in placing the screen for each well.
The screen will extend a minimum of 1 foot and a maximum of 5 feet

above the water level encountered during drilling.

The screen and riser pipe will be installed through the hollow stem
auger. The pipe will be centered and suspended prior to placing
the filter pack. Sand for the filter pack will be tremied into the
annular space between the well casing and hollow stem augers using
a tremie pipe. The hollow stem auger extensions will be withdrawn
as the sand is placed into the well. The sand will be placed to a
minimum of 2 feet above the top of the screen. If wells are
installed so that the top of screen is at a depth of 2 feet or
less, the sand pack will be installed to 6 inches above the screen.
The sand will be continuously tamped to prevent bridging. The
depth of the sand pack and the amount of sand used will be
continuously monitored. After the filter pack has been installed
to a level of at least 2 feet above the top of the screen, the well
will be surged for 10 minutes using a surge block. Additional sand
will be added to bring the level back up to 2 feet above the
screen. The well will then be surged for an additional 5 minutes.
More sand will be added if necessary to return the level of the
sand to 2 feet above the screen. Following placement of the sand,
3 feet of bentonite pellets will be placed above the sand pack.
The remainder of the open hole will be sealed with a cement-
bentonite grout. The grout will be placed using a tremie pipe
equipped with a side discharge. A Type II Well Completion Diagram
is shown in Figure 2-6.

2.1.5.2 Materials and Installation - All monitoring well surface
casing and riser pipe will consist of new, threaded, and flush
joint, Schedule 40 polyvinylchloride (PVC). The pipe will conform
to ASTM F-480-88A standards. The pipe will bear markings

identifying the material as that which is specified. Each section
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will be joined by threaded flush-joint couplings to form water-
tight seals. No organic solvents or glue will be used in joining
the pipe.

All well screens will consist of new, commercially fabricated,
threaded 10-foot, flush joint, 4-inch PVC, factory slotted; slot
size .010. A threaded PVC plug or short sand sump section will be
provided for the bottom of the well.

A sand pack will be installed in the annulus between the boring and
the well screen. The sand filter pack will extend 2 feet above the
top of the screen. The sand pack will consist of clean, inert,
non-carbonate materials. A "20/40" sand, or its equivalent, will
be used in the wells to be installed at the sites.

A 3-foot thick bentonite seal will be placed in the annulus above
the filter pack and will be allowed to hydrate to prevent intrusion
of the grout into the filter sand. A cement grout will be placed
in the annular space between the well casing and boring from the
top of the bentonite seal to the ground surface. The cement
mixture will consist of Portland cement (ASTM-C150), and water
added in the proportion of no less than 5 to no more than 7 gallons
per 94-pound bag of cement. Additionally, 3 percent by weight of
bentonite powder will be added to the mixture to help reduce

shrinkage, if permitted by state regulations.

Upon completion of the well, a vented cap will be installed to
prevent material from entering the well. The PVC riser will be
surrounded by a larger diameter steel casing rising approximately
24 to 36 inches above ground level. The steel casing will be
provided with a locking cap and lock. A 3-foot square, 4-inch
thick concrete pad, sloped away from the well, will be constructed
around the well casing at the final ground level elevation. Three
steel posts, with 3-inch diameters and 5-foot lengths, will be
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equally spaced around the well outside of the concrete pad.
Monitoring wells will be identified on the outside of the casing.

All wells will be checked for plumbness after installation. A 10-
foot length of pipe, a half-inch less in diameter than the I.D of
the riser pipe, will be run through the entire length of the well.
This pipe section will be steam cleaned prior to use at each
location. If the pipe does not run freely through the full length
of the well, the well will be replaced or repaired.

2.1.5.3 Well Develgopment - The monitoring wells will be developed

no sooner than 48 hours after grouting is completed. Development
protocol will be as follows:

a. Measure static water level. Water levels will be
measured using an interface probe capable of detecting

both petroleum product and water levels.

b. Measure total well depth.
C. Develop the well using a combination of surging, bailing
and pumping. Begin by surging the well with a surge

block for a period of not less than 15 minutes. Then use
either a bailer or a pump to evacuate the well. Continue
pumping/bailing and periodically surging until: 1) the
suspended sediment content of the water is less than 0.75
mL/L as measured in an Imhoff Cone according to Method
E160.5; 2) the turbidity remains within a ten
nephelometric turbidity unit (NTU) range for at least 30
minutes; and 3) the temperature, pH and conductivity have
stabilized. Stabilization criteria are as follows:
temperature plus or minus 1 degree celsius, pH plus or

minus 0.1 units, conductance plus or minus 5 percent.
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d. All fluids introduced into the well will be removed
during development. Therefore in addition to the above
criteria at least three times the total quantity of
fluids added during drilling will be removed during
development.

e. In the event that the well goes dry during development,
the following steps will be used:

1) Immediately after the well is purged dry, check the
static water 1level and note the time of the
reading. Suspend the probe of the static water
level indicator 6 inches above the last static
water level reading and record the time it takes
the monitoring well to recharge to that Ilevel 6

inches above the 1last reading. Note the time
again.
2) Repeat this procedure over the next 6-inch interval

to verify accuracy.

3) If the recharge rate is sufficient to recover to at
least 80 percent of the original static water level
in 1 hour, purge the well dry two additional times.
Development will be completed after three purged

dry cycles.

4) If the recharge rate is not sufficient to recover
the 80 percent of the original static water level
in 1 hour, notify the Law Project Manager for
further guidance.

£. Denote physical characteristics of water throughout well
development (color, odor, turbidity, etc.).

3517-0111.10 2-16
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g. Record the total quantity of water removed.

h. Measure static water level after at least 24 hours.

i. Measure total well depth.

j. After final development collect approximately 1 liter of

water from the well in a clear glass jar. Label and
photograph the water jar. The photo will be suitably
backlit to show the clarity of the water.

Well development data will be recorded on Monitoring Well
Development Sheet, Figure 2-7.

2.1.6 Agquifer Tests (Slug Tests)

In-situ hydraulic conductivity tests will be performed on the new
monitoring wells a minimum of 24 hours after ground-water sampling.
Decontamination of downhole testing equipment will be performed in
accordance with Section 2.1.8. The tests will be conducted to
determine formation permeability. The results of the tests will be
used to estimate ground-water flow rates.

The tests which will be performed are known as rising head tests.
The rising head test involves removing a solid rod which was
previously inserted into the water column in the well. The rising
head test is performed once the water level has returned to static
after the initial insertion of the rod. Removal of the rod causes
an immediate lowering of water level. The water level recovery to
static is recorded over time using an automatic data logger. Water
level readings will be measured and recorded continuously until the
recovery is 90 percent of the original static water level. The

rate of recovery is controlled by formation characteristics.

3517-0111.10 2-17



o o0 & @ N

10.
11.
12.
13.

14

15.

16.
17.
18.

19

. Type and Size of Well Development Equipment :

FIGURE 2-7 18712‘7

JOB NAME JOB No.
BY CHECKED SHEET OF
WELL DEVELOPMENT DATA
Waell No.

Date of Installation :

Date of Development :

Static Water Level : Before Development ft.. 24 Hours After ft
Quantity of Water Loss During Drilling, If Used Gal.
Quantity of Standing Water in Well and Annulus Before Development Gal.

Stant During End

Specific Conductance (umhos/cm)

Temperature (c?)

pH (s.u))

Depth From Top of Well Casing to Bottom of Waell ft. (from Waell Installation Diagram)

Waell Diameter

Screen Length ft.

Minimum Quantity of Water to be Removed (5 Well Volumes)

Depth to Top of Sediment : Before Development ft.;  After Development ft.

Physical Character of Water:

Description of Surge Technique, If Used :

Height of Well Casing Above Ground Surface : ft. (from Waell Installation Diagram)
Quantity of Water Removed : Gal. Time for Removal : Hr./Min.
1-Liter Water Sample Collected : (Time)

. Turbidity in Nephelometric Units NTUs

*Development Conditions : 1) Well Water if Reasonably Clear
2) Sediment Thickness 5% of Screen Length
3) Removal of 5 Well Volumes, including Saturated Filter Annulus
4) Stabilization of Specific Conductance and Water Temperature HF WDDR-7
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FIGURE 2-7 (CONTD) 187123

w V P T
JOB NAME JOB No.
BY CHECKED SHEET__2 OF__ 2
Waell No.
Date/ Hrs Dev/ Gals Purged/
Time Cum Hrs Dev Cum Gals Purged PH Temp Cond Remarks
2-19 HF — Rev. 1/94
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The data results of the hydraulic conductivity test are then
calculated. The following formula (Bouwer, 1989) is utilized to
calculate hydraulic conductivity (K):

r?2_ 1n (R./x,) Iny
K (ft/sec) = = > Lee L *.% * Yto
where:
r, (ft) = well radius
R, (ft) = effective radial distance over which
the head difference is dissipated
r, (ft) = radial distance between well center
and undisturbed aquifer
L, (ft) = height of saturated screen
Y, (ft) = water level Y at time zero
Y, (ft) = water level Y at time t
t (sec) = time since Y,

Analysis of the data will be performed utilizing a commercially-
available computer program such as AQTESOLV®. Because we expect
the screen will extend above the water table, only the rising head
data will be used to calculate K.

2.1.7 Surveying

Upon completion of the wells, a state of Texas certified surveying
crew will locate by standard surveying methods each new monitoring
well and sampling location. A vertical survey will be conducted to
establish the elevation of each permanent monitoring well.
Vertical control will be to the National Geodetic Vertical Datum.
The horizontal grid coordination of each monitoring well to within
0.1 foot and the ground elevation to within 0.01 foot and the
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elevation for each well within 0.01 foot will be recorded. The
survey will be tied to the state plane system.

2.1.8 Equipment Decontamination

The following decontamination procedures will apply to split
spoons, hand augers, stainless-steel bowls and spoons, and ground-
water bailers. The decontamination steps are as follows:

1) Hand wash with bristle brush and a solution of Alconox
(or equivalent).

Rinse with copious quantities of potable water.

Rinse with deionized (Reagent Grade II) water.
Spray-rinse with pesticide grade methanol.

Spray-rinse with pesticide grade hexane.

Air dry.

(e 2NN ¢ 2 B N VE T

The following procedure shall be used to decontaminate large pieces
of equipment such as drill rigs, auger flights, and casing.

1) Wash the external surface of equipment or materials with
high-pressure hot water and Alconox or equivalent, and
scrub with brushes if necessary until all visible dirt,
grime, grease, oil, loose paint, rust flakes, etc., have
been rinsed from the equipment.

2) Rinse with potable water.
3) Air dry. The sampling equipment will be cleaned prior to
each use in accordance with this procedure. All

decontamination solutions will be stored on site until
analyses have been completed.
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The following procedure will apply to the decontamination procedure

for the Strataprobe™ sampling equipment used for the geochemical

survey:
1) Remove all loose dirt.
2) Wash with Alconox.
3) Rinse with potable water.
4) Rinse with deionized (Reagent Grade II) water.

2.1.9 Waste Handling

All drill cuttings, drilling fluid and other investigation derived
wastes (IDW) will be containerized in clean, Department of
Trangsportation (DOT), 17 H drums. All drums of IDW will be
adequately labeled and moved to a staging area designated by the
base. Each drum of IDW will be marked at the start of waste

accumulation with the following information documented on the drum:

Date upon which accumulation begins
Site identification
Boring identification number

Drum contents (soil, wash, water, etc.)

Upon completion of the field program, a drum log (inventory) will
be prepared that accounts for all drums and wastes generated drums

site activities.

Law will analyze a maximum of one composite sample from the drums
for each area to be analyzed for TCLP. The analytical information
will be used to prepare a manifest for ultimate shipment of the
drums to a disposal facility. Law will be responsible for off-site
disposal of any drums.
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Development water will be drummed and moved to a staging area on
base following the procedure outlined in the drill cutting disposal
section above. Drummed development water will not be analyzed, but
the results of water analysis after monitoring well sampling will
be used to prepare a manifest for ultimate shipment of the drums to
a disposal facility. Law will be responsible for off-site disposal
of any drums.

A separate drum will be provided for additional wastes, such as
gloves, tyvek, etc., generated in drilling and sampling operations,
which will also be included as IDW to be disposed of along with the
other drums of IDW.

2.1.10 Field Activity Summary

The field tasks and field samples per site are presented in Table
2-1.

2.2 ENVIRONMENTAL SAMPLING

Field sampling activities include the collection of ground-water,
surface water, sediment, and soil samples. The collection methods,
including sample handling, sample custody, QC samples, and sample
analysis are presented in the following subsections. Table 2-2
provides a list of equipment required.

2.2.1 Procedures for Collection of Samples

This section presents the planned program for collection of samples
for chemical analysis. The types and numbers of field quality
control samples are presented in Tables 2-3 through 2-7 by matrix

and parameter. The following sections present the site-specific

3517-0111.10 2-23
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TABLE 2-2

FIELD EQUIPMENT CHECKLIST
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas

187134

General

NoahRON -~

Investigation Work Plan
Sampling and Analysis Plan
Health and Safety Plan

Site base map

Hand calculator

Brunton compass

Personal clothing and equipment

afety Equipment

|

©END O ON

Work gloves

Barrier rope

Plastic flagging tape

Drinking water container
Gatorade or equivalent

First aid kit

Eyewash kit

Spill control (Vermiculite)

Knife

Flashlight or lantern

Personal locator beacon {sound, radio or light)
Radio, two-way

Safety belt, harness, and lifeline

Protective Equipment

o
[]
-~
1723
[®]
p}
=

N RWON

~ o

3517-0111.10

Long cotton underwear

Coveralls, cotton

Coveralls, Tyvek

Surgical gloves

Protective gloves {polypropylene/nitrile/viton)
Protective boots (rubber, steel toe/shank)
Hard hat

Face shield

Safety glasses

Air-purifying respirator

Respirator spectacle kit
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TABLE 2-2
187435
FIELD EQUIPMENT CHECKLIST
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas

Sampling Equipment

3517-0111.10

Tool box with assorted tools (pipe wrenches, screwdrivers, socket set and driver, open
and box end wrenches, hacksaw, hammer, vise grips)
Geologic hammer

Trowel

Stainless steel and/or Teflon spatula

Hand auger

Dames & Moore Type U split-spoon sampler with liners (stainless steel, brass)
Engineer’'s tape

Steel tape

Electric water level sounder

Petroleum interface probe

Batteries

Bailers (Teflon, stainless steel, acrylic, PVC)

Slug test water displacement tube

Vacuum hand pump

Electric vacuum pump

Displacement hand pump

Mechanical pump (centrifugal, submersible, bladder)
Portable generator

Gasoline for generator

Hose

Calibrated buckets

Stop watch

Orifice plate or equivalent flow meter

Data logger and pressure transducers

Sample bottles

Sample preservatives (nitric, hydrochloric, sodium hydroxide)
Heavy-duty aluminum foil

Coolers

Ice (not reusable ice packs ["Blue Ice"])

Large "Ziploc" freezer bags

Miscellaneous garbage bags

Duct tape

Strapping tape

Paper towels

"Bubble" pack

Vermiculite

Clear tape

Containers for field tests (pH, SC, temp.)

Transfer pipets (glass) and bulbs

Polyethylene rope for bailers

Teflon tubing to cover bailer rope
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TABLE 2-2

FIELD EQUIPMENT CHECKLIST
Remedial Investigation/Feasibility Study el ~
Carswell Air Force Base, Texas 18713

Environmental Monitoring Equipment

SOENOOAWN

Shovels

Keys to well caps

pH meter (with calibration solutions)

pH paper

Thermometer

Conductivity meter (with calibrating solution)

Organic vapor analyzer or photoionization detector with calibration gas
Explosimeter

Oxygen meter

Turbidimeter

Decontamination Equipment

RN AWN =

Potable water

Alconox, Liquinox, or equivalent

Methanol, pesticide-grade

Hexane, pesticide-grade

Nitric acid

Distilled, deionized water, Type |l reagent grade
Teflon squeeze bottles

Stainless steel garden sprayers

Buckets and containers for decontamination fluids
Scrub and bottle brushes

Waste containers (plastic trash cans/55-gallon hazardous waste containment drums)
Steam cleaner (generally provided by subcontractor)

Documentation_Supplies

CONDOAWN =

Field log book

Daily quality control report

Soil test boring record

Monitoring well installation log forms
Well development data forms
Aquifer test data forms

Sample chain-of-custody forms
Custody seals

Cooler labels ("This side up," "Hazardous Material,” "Fragile")
Courier labels/airbills

Request for analysis forms

Sample bottle labels

Camera and film

Paper

Pens/pencils

Indelible ink pens

3517-0111.10
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sampling requirements, the planned sample collection procedures,

and the procedures to be used to maintain sample integrity.

Prior to sampling, field instruments will be calibrated, files
containing sample information will be processed and labels will be
prepared. Sample bottles will be sorted for each sample location
according to analyses. Conditions and sampling information will be
recorded in the field sampling books and used to assess sampling
procedures in relation to the sample data. The field team leader
will brief the sampling team on safety, decontamination stations
and any other sampling protocols necessary. Each sampling team
member will wear the appropriate level of safety gear as specified
for each site in the Health and Safety Plan.

2.2.1.1 Ground-Water Sampling - Ground-water samples will be
collected from newly installed wells. Ground-water samples will be
obtained using cleaned and dedicated Teflon® bailers. Bailers will
be decontaminated as outlined in Section 2.1.8. After the bailer
has air-dried it will be wrapped in aluminum foil to prevent
contamination. Polyethylene rope will be used to lower the bailer
into the well. A Teflon® leader will precede the rope attached to

the bailer to prevent the rope from entering the well during
sampling.

Ground-water sampling will be conducted in a manner which minimizes
interaction of the sample and the surface environment. The

sampling protocol will be as follows:

a. Floating Hydrocarbon Measurement - An electronic

interface probe will be used to test for the presence of
floating product in the newly installed and existing
wells. The probe will be lowered into the wellbore and
if product is present, its thickness will be recorded.

3517-0111.10 2-34
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Its presence will be confirmed by withdrawing a sample.
The probe will be decontaminated after each use by the
protocol described in Section 2.1.8.

b. Measure Water Level - An electronic water level indicator
will be used to measure the static water level in the
well prior to purging. The water level probe will be
lowered into the wellbore and the water level will be
recorded. The volume of water in the wellbore and filter

pack will be calculated using the equation in subpart c.

Decontamination of the probe will be performed as per
Section 2.1.8 to minimize the potential for cross-
contamination between wells as the probe is being
withdrawn from the well.

c. Purge the well until the pH, specific conductance, and
temperature have stabilized within plus or minus 0.1 pH
units, plus or minus 5 percent, and plus or minus 1
degree celsius, respectively. Remove a minimum of three
fluid casing volumes, checking the above mentioned
parameters after each casing volume is removed. If,
after three fluid casing volumes have been removed, the
parameters have not been stabilized, remove well casing
volumes until the parameters stabilize or until six
volumes have been purged. If the well is purged to
dryness and does not recharge within a reasonable time to
permit three volumes to be removed, record the volume
removed and sample as soon as sufficient recharge has
occurred. The calculation for well volume is presented
below:
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CALCULATING WATER VOLUME
VOLUME OF WATER IN WELL

H, m 7.48 [(R;* - R?) .o + R2,]

Volume of Volume of
hole with PVC with
filter pack filter pack

H, = height of water in well screen and filter pack
in feet

m = 3.14159

R, = radius of borehole in feet

R, = radius of PVC in feet

7.48 = amount of water in 1 cubic ft.

[
!

porosity of filter pack

Label Sample - Label the sample container as outlined in
Section 2.2.2.

Collect Sample - Ground-water sampling will be conducted
by using dedicated bailers. The collection procedure is
described below.

After purging the well and sufficient recharge has been
allowed, samples for volatile organics should be
collected using the first bailer volume. Lower the
bailer slowly until it contacts the water surface, and
allow the bailer to sink to the desired depth and fill,
with a minimum of surface disturbance. Slowly withdraw
the bailer, taking care to prevent contact of the bailer
line with the ground. Slowly discharge the contents into
the appropriate sample containers. Repeat the process as
necessary to fill each container to the required volume
(see Section 2.2.2.1). Vials for volatile analysis will
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be completely filled, leaving no air space above the
liquid portion (to minimize volatilization). Check that
the Teflon on the Teflon®-lined silicone septum is toward
the sample in the caps and secure the cap tightly. 1If
semi-volatile compounds are to be sampled for, collect
these samples next. Proceed to the collection of samples
for the remaining analyses. Care will be taken for all
pre-preserved bottles. If acids are present, the bottle
will be opened downwind of and away from the body. &all
samples for dissolved metals should be collected last and
filtered through a 0.45 um filter within 15 minutes after
collection. A Millipore filtration system will be
utilized for this procedure. The procedure for Millipore
filtering is as follows:

1) Assemble the Millipore filtration unit. Assembly
procedures can be found in Appendix G.

2) Using a funnel, pour test material to be filtered
into the wunit through the Tri-Clamp opening.
Attach the TC hose adaptor (fitted with 1%-inch
gasket) to the TC connection of top plate, using
the stainless steel TC clamp provided.

3) Place appropriate receiving vessel below TC
sanitary outlet or attach PVC hose to TC adaptor
and run hose to appropriate container.

4) Slowly increase pressure on nitrogen tank. When
liquid flow begins from outlet of assembled holder,
immediately turn regulatory valve handle a few
turns to lower pressure. Bleed air from top-plate
vent valve slowly until pressure gauge reads
between 10 and 15 psi. Close vent valve and (if

necessary) readjust regulatory valve to set
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pressure between 10 and 15 ©psi. Continue
filtration until flow ceases.

5) Increase 1inlet pressure stepwise in 10 ©psi
increments to 75 psi and continue filtration until

flow ceases. No leaks should be apparent.

6) Shut off pressure from nitrogen tank regulator
outlet wvalve, then open vent valve gradually to

release pressure from cylinder.
7) Remove inlet TC hose connector and handwheel bolts,
then remove top plate and extension cylinder of

holder.

8) Acidify the sample with nitric acid to a pH of less
than or equal to two. Test with pH paper.

9) Decontaminate the filtration apparatus as outlined
in Section 2.3.4.

f. Measure pH, Temperature and Specific Conductance -Follow
procedure as outlined in Section 2.3.

g. Custody, Handling and Shipping - Complete the procedures
as outlined in Sections 2.2.2 and 2.2.3.

h. Measure Water Level - After samples have been collected,

the well cap should be replaced. Static water level will
be measured again after sufficient recharge has been
allowed (24 hours). This additional measurement of the
water level will follow the procedure outlined in Section
2.2.1.1.b.
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2.2.1.2 Soil Sampling - Soil samples will be collected from soil
borings of the newly installed monitoring wells. The following
section discusses so0il sampling and collection procedures.

Included are discussions of soil sampling protocol and equipment.

Subsurface soil samples from borings will be collected using a
3-inch, carbon-steel, split-barrel sampler with California brass
ring inserts. Care has been taken to determine the best practical
sampling procedure that will result in obtaining representative
samples. The samples must maintain the integrity of the original
medium through collection, transportation, and delivery to the
analyst. The soil samples will be collected and containerized as
described in the following paragraphs.

Subsurface soil samples from soil borings - The auger will encase

an 24-inch long, carbon-steel split barrel sampler which will, in
turn, encase four 6-inch California brass rings. Each boring will
be advanced using hollow-stem augers. The sampling device will be
placed on a sheet of aluminum foil upon retrieval from the auger.
Each end of the sampling device will be opened by unscrewing the
end caps. Samples from certain borings are to be collected at
depths which exhibit the highest organic vapor readings. A
portable organic vapor analyzer (OVA) will be used to screen the
individual boring samples. The sampling device will be opened and
the end of each brass ring screened. After the boring samples have
been screened for organic vapor, the brass rings will be sealed
with a Teflon® patch and plastic cap, thus encasing the sample in
the brass ring. The middle 6-inch brass ring sample will be sent
to the laboratory for volatile organic compound analysis. In the
event that soil recoveries are low, the selection of brass rings
used for volatile analysis will be made on the basis of which rings
contain 100 percent recovery to send to the laboratory. If none of
the rings have 100 percent recovery, then the ring with the most
soil will be capped and labeled, indicating it is less than 100

percent. Soil from the remaining two brass rings will be removed
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and placed into a stainless-steel mixing bowl. The sample will be
thoroughly mixed with a stainless-steel spoon and placed into the
appropriate pre-cleaned jars (see Section 2.2.2.1). All sampling

equipment will be decontaminated as presented in Section 2.1.8.

2.2.1.3 Surface Water Sampling - Surface water samples will be

collected with stainless-steel beakers in "low-flow" areas to avoid
the loss of volatile organics. Each beaker will be cleaned using
the method described in Section 2.1.8 before sample collection.
Collect samples from the downstream to the upstream locations.
Slowly submerge the beaker into the water. When the beaker is
full, slowly pour the contents down the side and into the sample
bottles. Completely fill volatile vials first, 1leaving no
headspace. Fill sample containers for the remaining analyses.
Surface water samples should be collected from downstream to
upstream and should be collected before sediment samples collected

at the same location.

2.2.1.4 Sediment Sampling - Sediment samples will be collected
with stainless-steel hand augers. The sample will be obtained by
driving the hand auger through the water and into the sediments.
Rotate the auger as necessary to reach a sample depth of 6 inches,
avolding excess disturbance of surface sediment particles.
Retrieve the auger by lifting upward and empty the contents of the
auger bucket into a stainless-steel mixing bowl. Completely fill
sample containers to be submitted for analysis with volatile
parameters first, leaving no headspace. Once the volatile organic
samples have been collected, mix the remaining sediment thoroughly
and fill sample containers for the remaining analyses. Sediment
samples should be collected from downstream to upstream and should
be collected after surface water samples have been collected at the
same location.
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2.2.2 Sample Handling

The following sections describe the proper way to containerize,
label, identify, ship, and preserve samples.

2.2.2.1 Sample Containers, Amounts and Preservation - Samples will
be placed in appropriate containers as required by AFCEE (AFCEE,
1991). The amounts to be collected and preservation procedures
specified by AFCEE will be followed. These requirements are
specified in Tables 2-8 (soil, sediment) and 2-9 (ground water,
surface water).

2.2.2.2 Sample Labels - Field sampling personnel must properly
identify all samples taken in the field with an adhesive sample
label attached to the sample container. The sample label must
contain the site name, field identification number; the date, time,

and location of sample collection; designation of the sample as a
grab or composite; notation of the type of sample (e.g., ground-
water, soil boring, etc.); identification of preservatives used;
any remarks; and the initials of the sampler. The sample labels
will be placed on the bottles so as not to obscure any QA/QC data,
and sample information will be legibly printed with waterproof ink.
Field identification must be sufficient to allow easy cross-
reference with the site logbook. Clear tape will be placed over
the label to prevent removal or damage.

2.2.2.3 Sample Identification - The following section describes
how each sample will be identified and what this identification
signifies. Note that all sample IDs shall be no more than 10
characters long to facilitate input into the IRPIMS database.

For field samples, the following sample ID scheme shall be
followed:
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SAMPLE CONTAINERS, AMOUNTS, AND PRESERVATION

SOIL AND SEDIMENT SAMPLES

Remaedial Investigation/Feasibility Study

Carswell Air Force Base, Texas

SAMPLE
PARAMETER (a) CONTAINER (b) AMOUNT PRESERVATION
Volatile Organics (SW 8240) Two 2 oz. G septa Full; no Cool to 4°C
{includes samples for Aromatic jars headspace
Volatiles analysis (SW 8020))
Total Recoverable One 8 oz. G jar (c) Full Cool to 4°C
Petroleum Hydrocarbons (418.1)
Metals, total (SW 6010) One 8 oz. G jar Full Cool to 4°C
Toxicity Characteristic (SW 1311) One 8 oz. G jar (c) Full Cool to 4°C
Leaching Procedure
NOTES:
(a) Hold times are presented in Section 1.8
(b) All containers to have Teflon®-lined lids except for vials for volatile organics which will have

Teflon®-lined septa. Container codes: G = glass AG

amber glass P = polyethylene

(c) Samples chosen for MS/MSD and/or Laboratory Duplicate require double the number of

containers indicated.
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SAMPLE CONTAINERS, AMOUNTS, AND PRESERVATION-
GROUND WATER AND SURFACE WATER SAMPLES
Remedial Investigation/Feasibility Study
Carswell Air Force Base, Texas
SAMPLE
PARAMETER (a) CONTAINER (b) AMOUNT PRESERVATION
Volatile Organics (SW 8240) Three 40 mL G vials Full; no HCl to pH < 2;
{includes samples for Aromatic Volatiles headspace Cool to 4°C
analysis (SW 8020))
Petroleum Hydrocarbons (SW 8015M) Three 40 mL G vials Full; no H,S0O, to pH <2;
headspace Cool to 4°C
Total Recoverable Two 1 L AG bottlesi{c) 7/8 full H,S0O, to pH <2;
Petroleum Hydrocarbons (418.1) Cool to 4°C
Metals, total & dissolved (SW 6010) One 1 L P bottle 7/8 full HNO, to pH< 2;
Cool to 4°C
Arsenic (SW 7060) One 1 L P bottle (c) 7/8 full HNO; to pH< 2;
Cool to 4°C
Mercury (SW 7471) One 1 L P bottle 7/8 full HNO; to pH< 2;
Cool to 4°C
Selenium (SW 7740) One 1 L P bottle 7/8 full HNO; to pH< 2;
Cool to 4°C
Lead (SW 7421) One 1 L P bottle 7/8 full HNO; to pH< 2;
Cool to 4°C
QOil and Grease (SW 9071) One 1 L G bottle (c) 7/8 full H,S0, to pH<2;
Cool to 4°C
Toxicity Characteristic (SW 1311) One 1 L G bottle (c) 7/8 full Cool to 4°C
Leaching Procedure
NOTES:
(a) Hold times are presented in Section 1.8
{(b) All containers to have Teflon®-lined lids except for vials for volatile organics which will have Teflon®-lined
septa. Container codes: G = glass AG = amber glass P = polyethylene
(c) Samples chosen for MS/MSD and/or Laboratory Duplicate require double the number of containers indicated.
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The "NNN" portion of the sample ID shall consist of the unique
IRPIMS site code for the site. The "CC" portion of the sample ID

shall consist of a two character location code, as follows:

MW - Monitoring well

SW - Surface water

SB - Soil boring in which no monitoring well was installed
SD - Sediment

SS - Surface soil

DC - Drill cuttings

The "##" portion of the sample ID shall consist of a number that is
unigue for each site and matrix, starting with "01." Characters 9
and 10 are optional for water samples and shall signify the upper
depth of sample collection for soil and sediment samples. If
characters 9 and/or 10 of the sample ID are used, character 8 shall
be a dash. If characters 9 and 10 are not used, character 8 shall
also not be used. Note that field duplicate samples will be given
a false sample ID and date and time of sampling to hide their true
identity from the laboratory.

For field QC samples, the following sample ID scheme shall be
followed:

The "CC" portion of the sample ID shall consist of the appropriate
two letter IRPIMS code for the type of QC sample, as follows:

AB - Ambient conditions blank
EB - Equipment blank
TB - Trip blank

3517-0111.10 2-44



187154

Character 3 shall be a unique number for that QC sample type and
for the day of collection, starting with "1." Character 4 shall be

a dash. Characters 5 through 10 shall indicate the date of
collection, where "DD" is the day, "MM" is the month (0l=January,
etc.), and "YY" is the last two digits of the year.

2.2.2.4 Handling and Shipping - The properly labeled and sealed
sample containers will be placed in plastic "Ziploc" type bags and
sealed. Bagged sample containers will be placed in the bottom of
the cooler. Bagged sample containers will be arranged in the
cooler so that they do not touch, and will be packed in double-
bagged ice and additional packing material to prevent breakage.
Samples should be packed so as to maintain a temperature of 4
degrees celsius during shipment.

Analytical Request forms, as shown on Figure 2-8, and chain-of-
custody documents (see Section 2.2.3) will be sealed in air-tight
plastic bags and taped to the inside of the cooler 1lid. The 1id of
the container will be taped shut and sealed with custody seals (see
Section 2.2.3). Samples will be shipped directly to the laboratory
by overnight courier on the day they are collected, if at all
possible. The laboratory will be notified by phone of the sample
shipment schedule. No samples will be held more than 24 hours on

site, unless special arrangements are made with the laboratory.

2.2.3 Sample Custody

Documentation of sample custody from the time of collection will be
maintained. Custody within the laboratory is described in Appendix
B. Custody in the field is described in the following paragraphs.
Chain-of-Custody records will be prepared for each shipping
container. The custody record will be fully completed, in
triplicate, by the field technician designated as responsible for
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REQUEST FOR ANALYTICAL FORM
Project:
Project #:
Manager:
Chemist:
SAMPLE ID:

ANALYSIS REQUEST
Container No. Preservation Parameter Method
COMMENT:

PLEASE RETURN A COPY OF THIS FORM WITH THE DATA PACKAGE

HF
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sample shipment to the laboratory. The information specified on
the chain-of-custody record will contain the same level of detail
found in the site logbook, with the exception that on-site
measurement data will not be recorded. The custody record will
include the following information: name of person(s) collecting
the samples, date samples were collected, the sample identification
code (ID), type of sampling conducted (composite/grab), and number
and type of containers used. Figure 2-9 presents an example of a
Chain-of-Custody record.

Transfer of sample custody shall be indicated by the signatures of
the sampler (s) and the person receiving the samples on the chain-
of-custody record, with date and time noted. Prior to sealing the
shipping container, the original and first copy of the chain-of-
custody record shall be placed in a plastic bag that will be
attached to the inside of the shipping container 1id. The second
copy remains with the sampler(s). If a courier service is to be
used, the signature of the receiving person will be replaced by the
shipper’s airbill number. Receipt at the laboratory shall be
indicated by signature of the laboratory’s Sample Custodian, with
the date and time recorded.

To allow a means of determining whether sample integrity was
maintained, custody seals will be placed on the shipping
containers. Custody seals will be pre-printed, adhesive-backed
seals with security slots designed to break if disturbed. Sample
shipping containers (coolers, cardboard Dboxes, etc., as
appropriate) will be sealed in as many places as necessary to
ensure security. Seals will be signed and dated before use. Upon
receipt by the laboratory, the Sample Custodian will check and
document whether the custody seals are intact and will also record
the cooler temperature by measuring the temperature of the
temperature vial. BAny other sample integrity information will be
recorded on the Chain of Custody and Cooler Receipt Forms.
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2.2.4 OQOC Samples

Quality control (QC) samples are collected and analyzed for the
purpose of assessing the quality of the sampling effort and the
analytical data. QC samples include duplicates and replicates of
field samples, equipment blanks, trip blanks, and ambient condition
blanks. The type, description, preparation and collection of field
QC samples are discussed in the following section.

QC Samples - Samples initiated and analyzed to identify and
diagnose problems related to sampling analysis.

Replicate - A single sample divided into two equal parts for
analysis in order to provide precision data. Replicates are
applicable to soil and sediment samples.

Duplicate - Two samples collected independently at a sampling
location during a single act of sampling in order to provide

precision data. Duplicates are applicable to water samples.

Equipment Blank - Samples consisting of reagent water

collected from a final rinse of sampling equipment after the
decontamination procedure has been performed. The purpose of
rinsate blanks is to determine whether the sampling equipment

is causing cross contamination of samples.

Trip Blank - Containers of Type II reagent grade water that
are kept with the field sample containers from the time they
leave the laboratory until the time they are returned to the
laboratory. The purpose of the trip blank is to determine
whether samples are being contaminated during transit to and
from the laboratory. Trip blanks pertain only to volatile
organic analyses; therefore, the containers must contain no
headspace. Only one trip blank is required per sampling day

and shall satisfy trip blank requirements for all water
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matrices for that day if the volatile samples are shipped in
the same cooler. However, if more than one cooler contains
volatile samples, then a trip blank will be placed in each
cooler containing volatile samples.

Ambient Conditions Blank - Samples consisting of Type II

reagent grade water that are prepared at the site. Ambient
condition blanks are used to measure the influence of ambient
volatile conditions at a particular set of sampling locations.
Ambient condition blanks will not necessarily be collected
every time wvolatile samples are collected. They will be
collected when samples are collected downwind of possible
volatile sources such as active runways or an adjacent
highway.

2.2.5 Sample Analysis Summary

Tables summarizing the environmental samples and the proposed QC

samples to be analyzed by parameter by site are as follows:

Matrix Table No.
Subsurface Soil from borings 2-3
Ground Water - Monitoring Wells 2-4
Ground Water - Geochemical Survey 2-5
Surface Water 2-6
Sediments 2-7

2.3 FIELD MEASUREMENTS

2.3.1 Parameters for Field Characterization of Samples

Certain measurements must be performed as soon as possible after

sampling in order to get accurate results. These parameters
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include pH, temperature and specific conductivity. These
parameters will be measured in the field when the samples are
obtained during sampling. Other field parameters include safety

measurements of air vapors and turbidity during well development.

2.3.2 Eguipment Calibration

All equipment will be calibrated according to manufacturers
instructions or a generally accepted practice. Calibration of all
instruments will be recorded in the field book. The following
subsections describe calibration procedures. Additional detail is
provided in Appendix A.

Measurement of pH will be done on site with a pH meter. The
instrument will be field-calibrated with two buffer solutions
at the beginning of each day’s use. Accuracy of the
measurement is maintained by selecting a standard buffer with
a pH as close as possible to that of the sample (preferably

within three pH units). The pH of the buffers used will be
dependent upon the pH of the sample, but in each case will
"bracket" the range of measurement. The stability of the

calibration will be verified through the analysis of one
standard periodically throughout the day as deemed necessary
by the site manager, but at least once every 5 hours. Refer

to Appendix A for calibration procedures.

Temperature and specific conductivity will be measured with a
portable meter. Calibration of the instrument is periodically
performed at the factory as part of Law’s internal QA program.
The instrument probe will be rinsed with reagent water between
each use and the calibration of the specific conductivity
probe checked at the beginning and end of each day’s use,
using reagent grade water and two potassium chloride (KC1)
solutions with known conductances that bracket the expected
sample conductivities.
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The hand held portable organic vapor analyzer (OVA) with a
photoionization detector (PID) used to screen the air vapors

at the head of the augers and in the breathing zone will be

calibrated daily with a 100 ppm level of isobutylene.

Turbidity will be measured with a nephelometer (also known as
a turbidimeter). The instrument will be calibrated with three
standards of concentrations at 0.1, 0.2, and 0.5 NTUs at the
beginning of each day’s use. The stability of the calibration
will be wverified through the analysis of one standard
periodically throughout the day as deemed necessary by the
site manager, but at least once every 5 hours. A complete
calibration procedure is described for the nephelometer in
Appendix D.

2.3.3 Eguipment Maintenance

Equipment used in the field is located in a central store room.
The equipment must be "signed in" upon return and "signed out" when
removed for use in the field. All equipment must be returned
decontaminated and any malfunctions reported to the project
manager. The project manager will incorporate any actions
necessary for the repair or replacement of the egquipment.
Equipment maintenance logs are kept on file. Battery powered
instruments will have their power supplies checked daily.
Rechargeable instruments will be recharged daily.

2.3.4 Decontamination of Field Instruments

Decontamination of field instruments will depend wupon the
instrument. The probes for the pH, temperature and specific
conductivity meters will be rinsed with reagent grade water before

and after each use and at the end of each day. The measurement
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vial for the turbidity meter will be rinsed out with deionized
water before and after each use. No decontamination is required

for the organic vapor analyzer.

2.4 FIELD OA/QC PROGRAM

2.4.1 Control Parameters

Control parameters of the field procedures consist of the same
controls that govern analytical data. Control parameters consist
of the following:

Collection of field and QC samples

Calibration of field equipment

Decontamination of field equipment

Development of wells

Purging a minimum of three well volumes before sampling
Record keeping

2.4.2 Control Limits and Corrective Actions

Appendix A presents a summary of field quality control procedures
and acceptance criteria for field measurements. Corrective action
requirements are presented in this summary.

2.5 RECORD KEEPING

Pertinent information concerning all aspects of sampling and field
measurements will be recorded in hard-bound field notebooks, and
all chain-of-custody documents completed in order to completely re-
construct the activities. The bound field notebook will have pre-

numbered pages, and entries will be made in indelible ink.
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Environmental conditions will also be characterized. Each sampling
site will be characterized by the following criteria.

1. Location of work

2. Weather

3. Rainfall

4. Temperature - minimum and maximum

5. Wind direction

6. Ongoing activities that may influence or disrupt sampling
efforts

7. Accessibility to the sampling locations, e.g., rough

terrain, fallen trees, flooding, etc.

Each day the site manager will prepare a Daily Quality Control
Report (DQCR) and send it to the AFCEE TC. The DQCR will include
weather information at the time of sampling, samples collected,
field instruments and calibrations and will reflect any problems
that occurred in the field. A DQCR is shown in Figure 2-10.

2.6 SITE MANAGEMENT

The AFCEE Team Chief (TC) for the Carswell AFB RFI is Mr. Chris
Hobbins. Mr. Hobbins’ address and phone number are:

HQ AFCEE/ESB

8001 Inner Circle Dr., Suite 2
Brooks AFB, TX 78235-5000
(210) 536-5261

The Carswell AFB Point of Contact (POC) is Mr. Frank Grey.
Mr. Grey’s address and phone number are:

Air Force Base Conversion Agency
Chief Environmental Engineer

AF BCA/OL-H

1 Warehouse Rd.

Carswell AFB, TX 76127-5000
(817) 782-6311
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DAILY QUALITY CONTROL REPORT 18&71&%
REPORT No. CONTRACT No. DATE
LOCATION OF WORK
DESCRIPTION OF WORK
WEATHER RAINFALL (INCHES) TEMPERATURE MIN MAX
WIND DIRECTION
1. WORK PERFORMED
2. SAMPLES COLLECTED
3. PERSONNEL AND VISITORS AT SITE
SITE MANAGER:
HF
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Carswell AFB personnel (Civil Engineering) will assist 1in base

cooperation for the following:
Personnel identification and vehicle passes
Utility clearances and permits
Temporary field office

A water supply for large gquantities of potable water to

be used in equipment cleaning, etc.

Rights of easement and access to all Air Force and
private property to perform all required field
investigations

All field personnel will adhere to the procedures as described in
the work plans. The site manager will supervise all field
activities and continually update Mr. Hobbins and Law’s Project
Manager, John O’Brien, of the daily activities. Any major problems
that occur during field activities will be brought to the attention
of the TC for his input into the resolution of the problem.
Emergency contacts for medical assistance are discussed in the
Health and Safety Plan.
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APPENDIX A

QUALITY CONTROL REQUIREMENTS
AND

REPORTING LIMITS



APPENDIX A-1

QUALITY CONTROL REQUIREMENTS
FOR

CHEMICAL ANALYSIS

Method Parameter
120.1 Specific conductance (field analysis)
150.1 pH (field analysis)
170.1 Temperature (field analysis)
+ Metals by GFAA/CVAA
6010 Metals by ICP
8240 Volatile Organic compounds by GC/MS
8020 Volatile Organic Compounds by GC
8270 Extractable Organics by GC/MS
8010 Purgeable Halocarbons
8015 Petroleum Hydrocarbons
9070 0il and grease
418.1 Total Recoverable Petroleum Hydrocarbons
1311 Toxicity Characteristic Leaching Procedure

+ Methods 7060, 7421, 7740, 7470/7471
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PROJECT REQUIRED REPORTING LIMITS — SOIL/SEDIMENT

Table A-2

187186

LAW ENVIRONMENTAL, INC. — NATIONAL LABORATORIES — PENSACOLA (LENL-P)

June 1993
CONTROL LIMITS
REPORTING RELATIVE %
ANALYTICAL LIMIT SPIKE RECOVERY DIFFERENCE
METHOD COMPOUND UNITS DL MQL. | CONCENTRATION % %
6010 (SW846) | Aluminum mg/kg 10 50 * 75—125 ** 20
Antimony mg/kg 5.6 15 50 78-117 18
Arsenic mg/kg 4.2 30 200 75-1283 19
Barium mg/kg 3 10 200 85-121 20
Berylium mg/kg 0.2 1 5 80-116 20
Cadmium mg/kg 0.4 0.5 5 87-123 20
Calcium mg/kg 10.2 100 * 75-125** 20
Chromium mg/kg 0.8 5 20 82-124 18
Cobait mg/kg 13 5 50 88-124 17
Copper mg/kg 038 5 25 89-125 20
Iron mg/kg 5 5 > 75-125** 20
Lead mg/kg 37 5 50 76-125 18
Magnesium mg/kg 17 100 * 75125 ** 20
Manganese mg/kg 0.6 2 50 88-124 20
Molybdenum mg/kg 36 10 50 75-125** 20
Nicke! mg/kg 25 15 50 85-125 19
Potassium mg/kg 13.4 100 * 75—125 ** 20
Selenium mg/kg 7.9 50 200 76—124 20
Silver mg/kg 0.8 5 5 80-125 18
Sodium mg/kg 255 100 * 75—125 ** 20
Thallium mg/kg 7 7 200 76-121 20
Vanadium mg/kg 1 10 50 81-123 19
Zinc ma/kg 0.7 2 50 80-122 20
PQL

8240 (SW846) | Acetone mg/kg 0.001 0.01 0.05 D-208 40
Benzene mg/kg 0.001 0.001 0.05 32-171 40
Bromodichloromethane mg/kg 0.001 0.001 0.05 16-198 40
Bromoform mg/kg 0.005 0.005 0.05 30186 40
Bromomethane mg/kg 0.001 0.001 0.05 9-213 40
2-Butanone (MEK) mg/kg 0.01 0.01 0.05 D-213 40
Carbon disulfide mg/kg 0.005 0.005 0.05 D-222 40
Carbon tetrachloride mg/kg 0.005 0.005 0.05 34-161 40
Chlorobenzene mg/kg 0.005 0.005 0.05 20-186 40
Chloroethane mg/kg 0.005 0.005 0.05 19-208 40
2 —Chloroethyl viny| ether . mg/kg 0.01 0.01 0.05 D-278 40
Chloroform i mg/kg 0.005 0.005 0.05 27-152 40
Chloromethane I mg/kg 0.001 0.001 0.05 18-201 40
Dibromochloromethane ' mgkg 0.005 0.005 0.05 30-179 40
1,1—Dichioroethane mg/kg 0.005 0.005 0.05 37-162 40
1,2~-Dichloroethane mg/kg 0.005 0.005 0.05 25-192 40
1,1-Dichioroethene mg/kg 0.005 0.005 0.05 7-229 40
trans—1,2-Dichloroethene mg/kg 0.005 0.005 0.05 51-143 40
1,2—Dichioropropane mg/kg 0.001 0.001 0.05 2-225 40
i cis—1,3-Dichloropropene mg/kg 0.001 0.001 0.05 8-233 40
3 trans—1,3—-Dichloropropene mg/kg 0.005 0.005 0.05 1-206 40
: Ethylbenzene mg/kg 0.005 0.005 0.05 24-192 40
‘ 2—Hexanone mg/kg 0.005 0.01 0.05 D-229 40
: Methylene chioride mg/kg 0.005 0.005 0.05 D—192 40
; 4—Methyi—2—pentanone (MIBK) mg/kg 0.01 0.01 0.05 D-226 40
! Styrene mg/kg 0.005 0.005 0.05 6-196 40
; 1,1,2,2—Tetrachloroethane mg/kg 0.005 0.005 0.05 24-179 40
i Tetrachloroethene ma/kg 0.005 0.005 0.05 38-175 40

NA = Not Applicable
NS = Not Spiked
NE = Not Established at this time

* Project — Required Reporting Limits for methodologies performed by TEG are listed in

the TEG QA Manual in Appendix B—2.

** = Precision and accuracy limits are based on method limits

IDL = Investment Detection Limit
MQL = Maximum Quantitation Limit
PQL = Practical Quantitation Limit

3517-0111.07
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Table A—-2

PROJECT REQUIRED REPORTING LIMITS — SOIL/SEDIMENT
LAW ENVIRONMENTAL, INC. — NATIONAL LABORATORIES — PENSACOLA (LENL P}

187187

June 1993
‘ CONTROL LIMITS
REPORTING RELATIVE %
ANALYTICAL LIMIT SPIKE RECOVERY DIFFERENCE
| METHOD COMPOUND UNITS IDL MQL CONCENTRATION % % |
8240 (SW846) | Toluene mg/kg 0.005 | 0.005 0.05 18-177 40
1,1,1-Trichloroethane mg/kg 0.005 0.005 0.05 31-174 40
1,1,2-Trichloroethane mg/kg 0.005 0.005 0.05 29-171 40
Trichloroethene mg/kg 0.005 0.005 0.05 37-171 40
Vinyl acetate ma/kg 0.01 0.01 0.05 5-239 40
Vinyl chioride mg/kg 0.002 0.002 0.05 6-215 40
Xylenes (total) N mg/kg 0.005 0.005 0.05 7-211 40
1,2-Dichloroethane — d4 (surrogate) ma/kg NA NA 0.05 72-117 NA ‘
Toluene—d8 (surrogate) mg/kg NA NA 0.05 87-116 NA
4—Bromofluorobenzene (surrogate) mg/kg NA NA 0.05 75-107 NA
8020 (SW846) | Benzene mg/kg 0.0005 0.0005 0.01 23-171 40 }
Toluene mg/kg 0.0005 0.0005 0.01 61-142 40 |
Ethylbenzene merkg 0.0005 0.0005 0.01 15-178 40 |
Xylenes ma/kg 0.001 0.001 0.03 50-156 40 |
Fluorobenzene (surrogate) mg/kg NA NA 0.04 77-125 NA |
4—Chlorotoluene (surrogate) mg/kg NA NA 0.04 79-124 NA i
6010 (SW846) | Aluminum mg/lL 0.1 0.5 2000 77-123 20
Antimony mg/lL 0.056 05 500 78-121 15
Arsenic mg/lL 0.042 03 2000 78—-122 17 ;
Barium mg/lL 0.03 0.1 2000 75—-124 20 |
Berylium mgl 0.002 0.01 50 76-124 16
Cadmium mg/lL 0.004 0.005 50 80-122 18
Calcium mg/lL 0.102 1 NS 75—-125 ** 20
Chromium mgl 0.008 0.05 200 76—-121 15
Cobalt mg/lL 0.013 0.05 500 75-123 14
Copper mg/lL 0.008 0.05 250 76-124 18
ron mgl 0.05 0.05 1000 81-121 20
Lead mg/lL 0.037 0.2 500 77-122 17
Magnesium mg/L 0.117 1 NS 75-125 ** 20
Manganese mglL 0.006 0.02 500 78-125 17 ‘
Molybdenum mgl 0.036 01 500 75-123 16
Nickel mglL 0.025 0.15 500 75-123 18
Potassium mglL 0.134 5 NS 75-125 ** 20
Selenium mgl 0.079 1 2000 76~124 17
Silver mglL 0.008 0.05 50 75-123 17
| Sodium mg/lL 0.255 1 NS 75-125 ** 20
Thailium mgl 0.072 0.4 2000 75-123 17
Vanadium mgl 0.01 0.1 500 77-125 18
Zinc mg/ll 0.007 0.02 500 78—125 16
7060 (SW846) | Arsenic mglL 0.002 0.005 40 75-118 18
7421 (SW846) |Lead mgl 0.001 0.005 20 75-123 16
7740 (SW846) | Selenium mglL 0.001 0.005 10 79-125 18
7471 (SW846) | Mercury mg/L 0.0002 0.001 1 78—123 19
|
! PQL
8270 (SW846) | Benzoi acid gl 36 50 50 D-500 40
(acids) 4—Chloro—3—methylphenol ug 08 | 10 50 25-144 40
2—Chiorophenol ugh 1 10 50 23-128 40
2,4-Dichlorophenol ugiL 0.9 10 50 40-124 40
2,4-Dimethylphenol ugh 1 10 50 38-126 40
4,6 —Dinitro—2 —methylphenol ughL 0.6 50 50 D-166 40
2,4-Dinitrophenol ugi 3.3 50 50 D-190 40
| 2—Methylphenol ugh 0.8 10 50 22-147 40
{ 4—Methylphenol Mgl 0.9 10 50 22-147 40 |

NA = Not Applicable

NS = Not Spiked

NE = Not Established at this time
* Project — Required Reporting Limits for methodologies performed by TEG are listed in
the TEG QA Manual in Appendix B—~2.

** = Precision and accuracy limits are based on method limits

IDL = Investment Detection Limit
MQL = Maximum Quantitation Limit
PQL = Practical Quantitation Limit

3517-0111.07
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Table A—2

PROJECT REQUIRED REPORTING LIMITS — SOIL/SEDIMENT
LAW ENVIRONMENTAL, INC. — NATIONAL LABORATORIES ~ PENSACOLA (LENL—-P)
__June 1983

CONTROL LIMITS |
REPORTING RELATIVE %
ANALYTICAL LIMIT SPIKE RECOVERY DIFFERENCE
METHOD COMPOUND UNITS IDL ML CONCENTRATION % %

8270 (SW846) |2—Nitrophenol uglL 0.9 10 50 10-181 40
(acids) 4 —Nitrophenol uglL 2 50 50 D-128 40
Pentachlorophenol ug/L 0.6 30 50 10-171 40
Phenol uglL 0.8 10 50 11-83 40
2,4,5—-Trichlorophenol ug 1 50 50 D-250 40
2,4,6~Trichlorophenol ugL 0.7 10 50 41-142 40
2—Fluorophenol (surrogate) ugh NA NA 100 25-99 NA
Phenol—d6 (surrogate) ug NA NA 100 17-93 i NA
2,4,6 —Tribromophenol (surrogate) Mol NA NA 100 16—-118 L NA
8270 (SW846) | Acenaphthene uglL 04 10 50 56—135 ‘ 40

(base/neutral) | Acenaphthylene ug/lL 0.6 10 50 40-137 : 40 :

Anttvacene ug/lL 0.6 10 50 40-131 40 i

Benzo(a)anthracene z uglh 0.4 10 50 36-133 40 |

Benzo (b)fluoranthene ugiL 0.8 10 50 31-148 40 ‘
Benzo(k)flucranthene ug/ie 0.6 10 50 17-149 40
Benzo(ghi)perylene ug/lL 0.6 10 50 8-187 40
Benzo(a)pyrene Mg/l 0.3 10 50 18-148 40
; Benzyl alcohol ugll 1.7 10 50 D-250 40
bis (2 ~Chloroethoxy)methane ugL 0.5 10 50 34-163 40
bis(2 —Chloroethyl)ether ug/ie 0.9 10 50 19-147 40
bis (2 —Chloroisopropyl) ether ug/lL 0.6 10 50 42-154 40
bis(2—Ethylhexyl) phthalate ugie 1.3 10 50 15-149 40
4—Bromophenyl phenyl ether ug/ll 0.6 10 50 55-116 40
Butylbenzylphthaiate ugle 0.5 10 50 52-124 40
4 —Chloroaniline ug/lL 438 10 50 D-250 40
2-Chloronaphthalene ug/ll 0.4 10 50 63-112 40
4 —Chloropheny! phenyl ether uglh 0.4 10 50 34144 40
Chrysene uglL I 05 10 50 23-153 40
Dibenzo(a,h)anthracene uglL ‘ 0.6 10 50 6—-194 40
Dibenzofuran uglL 0.4 10 50 D-250 40
Di—n—butylphthalate uglL 1 10 50 16—-116 40
1,2-Dichlorobenzene HglL 0.7 10 50 34-125 40
1,3-Dichlorobenzene uglL 0.6 10 50 5-160 40
1,4-Dichlorobenzene ughe 0.7 10 50 21-112 40
3,3’ ~Dichlorobenzidine uglL 2 | 20 50 14-213 40
Diethylphthalate uglL 05 ! 10 50 14-97 40
Dimethyiphthalate uglL 03 10 50 D-112 40
2,4-Dinitrotoluene ugh 08 10 50 35-124 40
2,6-Dinitrotoluene ugle 08 10 50 55-143 40
Di—n—octylphthalate ugiL 0.7 10 50 3-143 40
Fluoranthene .18 06 10 50 30-130 40
Fluorene Mgl 05 ! 10 50 59-119 40
Hexachlorobenzene uglL 0.5 10 50 6—144 40
Hexachiorobutadiene uglL 0.7 10 50 24—-111 40
Hexachlorocyclopentadiene ugiL 1.8 10 50 7-86 40
Hexachioroethane uglL 09 10 50 41100 40
Indeno[1,2,3—cd]pyrene ug/ll 1.6 10 50 2-140 40
Isophorone uglh 0.5 10 50 26-196 40
2—-Methylnaphthalene uglh 0.5 10 50 D-250 40
Naphthalene ugL 0.5 10 50 32-123 40
2—Nitrcaniline ug 0.7 50 50 D-250 40
3—Nitrcaniiine Mg/l 1 50 50 D-500 40
4—Nitroaniline ug/L 4 50 50 D-500 40
Nitrobenzene uall 0.9 10 50 42-160 40

NA = Not Applicable

NS = Not Spiked

NE = Not Established at this time

* Project — Required Reporting Limits for methodologies performed by TEG are listed in
the TEG QA Manual in Appendix B—2.

** = Precision and accuracy limits are based on method limits

IDL = Investment Detection Limit

MQL = Maximum Quantitation Limit

PQL = Practical Quantitation Limit

3517-0111.07 3of4
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Table A—2

PROJECT REQUIRED REPORTING LIMITS — SOIL/SEDIMENT
LAW ENVIRONMENTAL, INC. — NATIONAL LABORATORIES — PENSACOLA (LENL—P)

June 1993
CONTROL LIMITS
REPORTING RELATIVE %
ANALYTICAL LIMIT SPIKE RECOVERY DIFFERENCE
METHOD COMPOUND UNITS IDL MQL CONCENTRATION % %
8270 (SW846) (| n—Nirosodiphenylamine ughL 1 | 10 50 13-143 40
(base/neutral) | n—Nitrosodipropylamine ug/lL i 1 10 50 9-171 40
Phenanthrene g/l 04 10 50 55-113 40
Pyrene ugh 07 10 50 60-113 40
1,2,4—Trichlorobenzene uglt 0.5 10 50 46-140 | 40
Nitrobenzene—d5 (surrogate) ugiL NA NA 50 39-104 ‘ NA
2—Fluorcbiphenyl (surrogeate) ugL NA NA 50 46-110 ‘ NA
Terphenyl—d14 (surrogate) ught NA NA 50 38-137 NA
PQL

8240 (SW846) |Acetone ugh 75 10 50 32-199 40
Benzene ugh 0.4 5 50 46-147 40
Bromodichioromethane HgL 0.3 5 50 49-150 40
Bromoform HgL 0.2 5 50 66-163 40
Bromomethane uglt 0.7 10 50 28-156 40
2-Butanone (MEK) uglt 2.8 10 50 29-156 40
Carbon disulfide ugh 0.7 5 50 21-184 40
Carbon tetrachioride ugh 0.4 5 50 78-132 40
Chiorcbenzene ugh 0.2 5 50 49-152 40
Chloroethane ugL 0.3 10 50 35-177 40
2—Chloroethyl vinyl ether ugi 8 10 50 9-244 40
Chloroform uglt 0.3 5 50 56-126 40
Chloromethane Mg 0.6 10 50 i 32-162 40
Dibromochioromethane ugiL 0.3 5 50 60-143 40
1,1-Dichloroethane Mg 0.3 5 50 68-139 40
1,2-Dichioroethane ugh 0.4 5 50 29-153 40
1,1 -Dichioroethene ugit 0.3 5 50 32-192 40
trans—1,2—-Dichloroethene Mg 0.4 5 50 81-119 40
1,2-Dichloropropane HgL 0.6 5 50 12-192 40
cis—1,3—Dichloropropene Mg 0.6 5 50 19-194 40
trans—1,3-Dichloropropene Mgl 0.2 5 ‘60 19~177 40
Ethylbenzene Mgl 0.2 5 50 47-155 40
2—Hexanone ughL 2.1 10 50 17-191 40
Methylene chloride ug/L 45 5 50 8-173 40
4—Methyl -2 —pentanone (MIBK) g 7 10 50 19-186 40
Styrene ug/lL 0.5 5 50 27-148 40
1,1,2,2—-Tetrachloroethane ugiL 0.7 5 50 49-140 40
Tetrachloroethene ugh 0.2 5 50 71-142 40
Toluene ugh 0.3 5 50 60—144 40
1,1,1 =Trichloroethane ugiL 0.4 5 50 56—-150 40
1,1,2-Trichloroethane ugL 0.7 5 50 61-140 40
Trichlorcethene Mgl 0.2 5 50 77-138 40
Vinyl acetate uglt 0.7 10 50 26-200 40
Vinyl chioride ught 0.6 10 50 26-188 40
Xyienes (total) ugh 0.7 5 150 14-181 40
1,2-Dichloroethane —d4 (surrogate) ugh NA NA 50 77-113 NA
i Toluene—d8 (surrogate) ugiL NA NA 50 90-110 NA
4—Bromofluorobenzene (surrogate) Hall NA NA 50 87-114 NA
8020 (SW846) | Benzene i ugh 0.5 1 NE 38-155 40
Toluene ugh 0.5 2 NE 76-125 40
Ethylbenzene ugh 0.5 4 NE 32-159 40
Xylenes ugh 1 2 NE 67138 40
Fluorobenzene (surrogate) ug/lL NA NA NE NE NA
4—Chlorotoluene (surrogate) ug/lL NA NA NE NE NA
418.1 (EPA 600) | Total Recoverable Petroleum Hydrocarbons gl 0.001 0.001 41 80—120 50

NA = Not Applicable

NS = Not Spiked

NE = Not Established at this time

* Project — Required Reporting Limits for methodologies performed by TEG are listed in
the TEG QA Manual in Appendix B—-2.

** = Precision and accuracy limits are based on method limits

IDL = Investment Detection Limit

MQL = Maximum Quantitation Limit

PQL = Practical Quantitation Limit

3517-0111.07 40f4
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APPENDIX B
QUALITY ASSURANCE PROGRAMS

FOR

CHEMICAL ANALYSIS LABORATORIES

Law Environmental, Inc. - National Laboratories Branch
(LENL) , Pensacola, Florida

Transglobal Environmental Geochemistry, Texas



APPENDIX B-1

QUALITY ASSURANCE PROGRAMS

Law Environmental, Inc.
National Laboratories Branch (LENL)
Pensacola, Florida
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INTEROFFICE MEMORANDUM

TO: Chemistry Department
FROM: Jerry S. Prestonﬁ'5 ‘Q
DATE: September 28, 1992

SUBJECT:  Certifications held by LENL-P Laboratory

Attached please find a listing of the certifications held by the LENL-Pensacola laboratory. This
list will be useful during proposal and planning activities.

CERTIFICATION BY STATE

STATE PARAMETERS CERT. NO. EXP. DATE

Alabama Drinking Water 40600 6/30/93

Florida Drinking Waier HRS#81351 6/30/93

Florida Environmental Water HRS#E81234 6/30/93

Florida Water HRS#81351 6/30/93

Kansas Drinking Water E-184 7/31/93
and/or Pollution Control Samples

Kansas Solid or Hazardous E-1161 7/31/93
Waste Samples

Louisiana Drinking Water 92-16 4 12/31/92

North Carolina Wastewater 287 12/31/92

South Carolina Wastewater 96008 Exp/Pending

A80.02



Memorandum
September 28, 1992

Page 2

STATE PAR R
Tennessee BTX and TPH
Virginia Water

COE Soil and Groundwater
USAF Soil and Groundwater
U.S. Navy Soil and Groundwater
U.S. EPA SAS Contracts

cc: Becky Pridgeon

/dsl

A80.02

00170

Pending

68-D9-0135

187194

EXP, DATE
7/01/93
6/30/93
2/20/94

9/25/93

9/19/94



LAW ENVIRONMENTAL, INC.

NATIONAL LABORATORIES DIVISION
PENSACOLA ORGANIZATION CHART

Administrative

K. Emmons-Branch Admin.

S. Waite-Receptionist

J. TUCCI
Laboratory Manager

B. Fuson

Client Services

K. Silvia-C.S. Rep
C. Hooper-Data Mgt. Spec

QA/QC Officer

Facilities Engineer

B. Schwerdtfager

I

Sample Rec/Mgt

Inorganic Lab

GC/MS Lab

S. Taber-Supervisor
N. Ginkel-Tech
N. Upton-Tech
N. Hinton-Tech

G. St. Pere-Supervisor

M. Cortez-Prep Tech/Analyist
C. High-ICP Operator

J. MacAuley-Fum. Operator
F. Deang-Fum. Operator

R. Forbes-CV Mercury

R. Gonzalez-Prep Tech

B.D. Hunt-Supervisor
K. Greene-Chemist
J. Moore-Chemist

D. Harmn-Chemist
W. Drew-Chemist

J. Jemigan-Tech

MIS Dept

GC Lab

D. Abbott-Supervisor
J. Hendrix-Data Mgt Spec

C. Hatcher-Proj. Mgr CERCLA/CLP

J. Gregory-Proj. Mgr-USACE
P. Harmon-Data Mgt. Spec
A. Harber-Proj Mgr. AFCEE
C. Lightner-Word/Data Proc
T. Sartain-Word/Data Proc

Organic Prep Group

C.B. Causey-Supervisor
E. Austin-Chemist

L. Osetinger-Chemist
J.M. Rossing-Chemist
T. Parker-Chemist

G. Tacheny-Chemist

A. Phelps-Chemist

C. Oliver-Supervisor
T. Willard-Tech

S. Braatz-Tech

M. Fant-Tech

M. Gillette-Tech

B. Jordan-Tech

B. Blanchard-Tech

HF




LENL KEY PERSONNEL AND RESPONSIBILITIES

Position/Key Personnel Responsibilities
Laboratory Manager - Implement methodologies and procedures
James M. G. Tucci consistent with the generation of

legally defensible data;

- Provide overall management and
operation of the lab;

- Provide a safe working environment for
employees;

- Provide resolutions to items requiring
corrective actions;

- Provide training programs for
employees;

- Interact with QA/QC Coordinator to
resolve analytical, methodological and
QA/QC problems;

- Obtain laboratory accreditations;

- Schedule work in a manner consistent
with personnel and instrumentation;

- Implement procedures consistent with
and building upon our philosophy of
honesty, trust and ethics; and

- Implement actions required to

establish our lab as a premier
laboratory.

3517-0111.07 1of5



LENL KEY PERSONNEL AND RESPONSIBILITIES

Position/Key Personnel

Responsibilities

QA/QC Coordinator
Burnie D. Fuson

implement the branch QA program;
Develop the QA/QC manual;

Establish and maintain safety
standards and operating procedures;

Coordinate and audit the technical
review of deliverables;

Issue recommendations and corrective
actions required for any aspect of
laboratory operations inconsistent
with established policies and
procedures;

Monitor and identify out-of-control or
potentially out-of-control situations
to Operations Manager, Supervisors,
and Branch Manager;

Provide guidance for the chemistry
QA/QC program development;

interact with external QA personnel
concerning the lab’s certifications

and QA policies/procedures and
coordinating QA compliance as required;

Keep abreast of new techniques and
programs for QA and safety and inform
Branch Manager and Operations Manager;

Coordinate the development of project
QA plans as required;

Provide historical QA reports for each
method to the Branch Manager; and

Perform QA/QC audits, provide blind
check samples and monitor resuits.

3517-0111.07
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LENL KEY PERSONNEL AND RESPONSIBILITIES
187198

Position/Key Personnel Responsibilities

Management Information - Establish and maintain the computer

Systems Department systems, the network, and the LIMS

Damon Abbott {Laboratory Information Management
System);

- Provide data deliverables in U.S. EPA CLP format with
hard copy and disc
deliverable formats;

- Develop software necessary to meet
other client’s deliverable formats;

- Interpret U.S. EPA CLP Statements of Work - Organics
and Inorganics for
requirements and deliverables;

- Interface analytical instruments’ data
systems with our IBM Token Ring
Network and develop software required
at the interface;

- Train department personnel in various
data entry software packages purchased
or developed internally;

- Provide guidance and direction to
other departments where required or
requested or as determined by Branch
Manager;

- Provide support to QA/QC Coordinator
where necessary to automate, archive
and generate QC trends from historical
records; and

- Provide support and guidance for
entire laboratory operation, from
sample receiving through the generation
of data deliverable packages,
to streamline and increase
productivity through computer
automation.

3517-0111.07 3of 5



LENL KEY PERSONNEL AND RESPONSIBILITIES 1871‘99

Position/Key Personnel Responsibilities

Lab Supervision - Provide overall supervision of

C. Oliver (Organics) department/section operations;

B. D. Hunt (GC/MS)

Carl Causey (GC) - Implement procedures consistent with

Gary St Pere (Inorganics) the generation of legally defensible
data;

- Provide QC activities consistent with
the branch QC procedures;

- Provide additional QC activities, as needed, which are
consistent with the Branch QA philosophies;

- Provide final report review before
releasing;

- Provide work assignments to
departmental personnel;

- Provide analytical job training and
cross-training within the department
and between departments where
applicable and warranted;

- Provide corrective action for
deficiencies;

- Provide quarterly instrument detection
limit (IDL) studies;

- Maintain maintenance logs on all
instruments;

- Maintain all standards logs;
- Provide leadership and management
philosophies consistent with those of

the Branch; and

- Provide legally defensible data from
each department.

3517-0111.07 4 of 5



R
LENL KEY PERSONNEL AND RESPONSIBILITIES 18 § JO
Position/Key Personnel Responsibilities
Sample Receiving and - Provide sample control via entry of
Shipment all parameters to be analyzed per
Sharon Taber sample in LIMS when sample arrives;

- Provide chain-of-custody receipt of
samples externally, and internal from
our walk-in cooler to analysts and
prep;

- Provide sample analysis report daily
for all samples in-house;

- Provide prepared sample bottles in
refrigerated shippers;

- Provide for sample disposal/return to
sender; and

- Keep track of supplies, order when
needed, bill clients for those used.

3517-0111.07 50f5



LENL SAMPLE FLOW AND DOCUMENTATION CHART

Sample Flow

Documentation

A. Incoming Samples
B. Log-In and Assignment
C. Sample Handling and QC

{1} Organics Prep Lab

(2) GC Lab

(3} GC/MS Lab

(4) Metals Lab

D. Reporting

E. Sample Disposal

3517-0111.07

- Chain of Custody
- Request for Analysis
- Work Authorization

- Master Logbook
- Test Entry Form

- Extraction Record

- Percent Moisture

- Standards Prep Logs
- QC Sample Logs

- Chromatograms

- Bench Sheets

- Condition Reports

- Linearity Checks

- Surrogate Recovery Logs

- Blank, Standard and Spike Results
- Standards Logbook

- Instrument Maintenance Logs

- Sample Logbook

- Quantitation Reports

- Chromatograms

- Initial Calibration Forms

- Continuing Calibration Checks

- Surrogate Recovery Logs

- Blank, Standard and Spike Results
- Computer Streamer Tapes

- Instrument Maintenance Logs

- Digestion Log

- Bench Sheets

- Blank, Standard and Spike Results
- Percent Moisture

- Standards Prep Logs

- QC Sample Logs

- Transmittal Letters
- Test Data Reports
- GC/MS Data Reports

- Internal Sample Disposal Forms



LENL-PENSACOLA 187202
LABWORKS SAMPLE/DATA FLOW =

SAMPLE RECEIPT
INPUT/OUTPUT
Di?’\";f;g ’ ENTER LOCATION CODE IF
REATE IF N
D ESaiNG PRESENT OR CREATE IF NEW
VERIFY CHAIN OF CUSTODY, WORK
[ coNTACT FORM AUTH, CONTACT FORM, AND DATA  [-———————
SCREEN FOR AGREEMENT
1 __WORKAUTH. rJ FORWARD TO
CHAIN OF CUSTODY OPERATIONS MANAGER
| FOR RESOLUTION
INFORMATION AGREE? NO T
\/_ IS WORK AUTHORIZATION
INPUT/OUTPUT
| SAMPLE FOLDER COMPUTER GENERATE ROUTING SHEETS
| ROUT. SHT. - GCMS DATA ENTRY/ AND FORWARD TO DEPT. SUPV.
[ RouT.SHT.-GC = PROCESSING FOR SIGNOUT
ROUT. SHT.-METALS | L
DEPT. ANALYSES SAMPLES

AND FORWARDS TO DEPT. SUPV. — 1

\_/_ FOR REVIEW
SCHEDULE REPEAT

ANALYSIS
DOES DATA MEET NO =T
QC SPECIFICATIONS
INST. RAW DATA RECORD RESULTS ON ROUTING
SHEETS AND FORWARD TO OFFICE
FOR DATA ENTRY (WITH RAW DATA)
\/— INPUT/OUTPUT —
COMPUTER RESULTS ARE ENTERED DAILY AS
DATA ENTRY/ RECEIVED. ROUTING SHEETS WITH
PROCESSING RAW DATA ARE FORWARDED TO
SAMP. CONTROL FOR FILING
INPUT/OUTPUT T
COMPUTER QA SUPERVISOR OR DEPARTMENT
DATA ENTRY/ SUPERVISOR CHECKS ALL DATA ON
PROCESSING THE VALIDATION QUEUE 1
TAKE APPR. ACTION
AS NEEDED TO
CORRECT PROBLEM
IS DATA IN THE QUEUE
ACCEPTABLE ?
[ FINAL INVOICE INVOICE QUEUE

REPORT QUEUE

FINAL TEST REP. SECRETARY RUNS ALL IN REPORT
QUEUE AND INVOICE QUEUE AND
MAILS TO CLIENT

~
©

NOTE: SPECIAL DELIVERABLES, IF REQUESTED ARE ALSO GENERATED AFTER VALIDATION STEP IS COMPLETED

HF




ANALYTICAL REQUEST FORM 187293

LAW ENVIRONMENTAL , INC.
7215 PINE FOREST ROAD

PENSACOLA FLORIDA 32536
904/944-9772
To: Attn.:
From:
(Branch/Company Name) (Dept. or Name)
COC Number: Project Number:
Date Shipped: Date Results Requested:
Sample Analysis Detection Sample
ID Requested Limits Req. Type Method
Comments:

HF




INORGANIC SAMPLE CHECKOUT FORM

A A TR Pl

Page of
Contract: Case: SAS: SDG: -
Location: Calib. Ref: Form Initiated: / /
CHECKED OUT CHECKED IN
ST'""’" bt Time Removal | Removed | Ccustodian Date Tiene Returned | Custodian | Complete
g;‘ o Purposes By Approval By Approval YMN

Sample Types S =Sample D = Digestate

n"'t-t..totaaaaaa---aa--.--n.mov.|purmttttttttaaaaﬁncntnaan-----n

Preparation

A - Solids

B - AAICP Digestion
C - GFAAS Digestion
D - Hg Digestion

E - Other

F - Flame AAS
G-ICP

H - GFAAS
I-Hg

J-CN

K - Other

Analysie

Disposition
L - Storage
M - Submission
N - Dispoeal

LI I I R e I I I I e R I T T I e A I A I A A I I I I I I N I I DT I TN IR DR N T O B I I

B R R ok k2 sk k s sk oa s s oe s s+ s GAMPIESCONSTITUTINGTHISBATCH* * * * * & & & 2 & & & & ¢ & & & & & & & ¢ @

Matrix: Level: # of Physical Samples:
Sample ID Sample ID Sample ID
1 8 15
2 9 16
3 10 17
4 11 18
5 12 19
6 13 20
7 14 21




187215

[ 2D

ORGANIC SAMPLE CHECKOUT FORM Page of

Contract: Case: SAS: SDG: -

Location: Calib. Ref: Form initiated: / _J

CHECKED OUT CHECKED IN

Sample Dat Time Removal Removed | Custodian Date Time Returned | Custodian | Complete
Tgx“ . Purpoee By Approval By Approval YN

Sample Types S =Sample X = Extract

-nn'-.-n.n‘-n-nt-n-t'tnnnn.-mnipmmn.n--nnn-nn-nn.-.-a-.-.nnn-

Preparation

A - pH/ % Moisture
B - Extraction of SV
C - Extraction of PEST/PCB
D - Clean-up of SV
E - Clean-up of PEST/PCB

F - Other

L - Other

Analysis

G - Screening GC

H - VOA GCMS

|- SV GC/MS

J - PEST/PCB GC/ECD
K - GC/MS Confirmation

M - Storage
N - Submission
O - Disposal

Disposition

L I R I A A . I T DRI I I I I T A I I T I ST Y T BT T B BT SR ST T YT T T T B Y Y SR T 2 2 T TR T T R R T R

SR e ke e h ekt oaox s oer s QGAMPIESCONSTITUTING THISBATCH® * * * * * & & = & 2 & & & & & & & & & & & ¢

Matrix: Level: # of Physical Samples:
Sampile ID Sampie ID Sample 1D
1 8 15
2 9 16
3 10 17
4 1 18
5 12 19
6 13 20
7 14 21
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QA/QC CORRECTIVE ACTION REQUEST FORM

LENL-PENSACOLA, FL

CA# Originator DATE
PROBLEM:
SECTION: DISCOVERER: DATE:
DATA/DATES IMPACTED:
DESCRIPTION:

REQUIRED ACTION:
DETERMINATION

ASSIGNED TO: DATE: DUE DATE:
IMPLEMENTATION

ASSIGNED TO: DATE: DUE DATE:
ACTION:

EFFECTIVENESS EVALUATION (S):

ASSIGNED TO: DATE: DUE DATE:
ASSIGNED TO: DATE: DUE DATE:

CC: QA OFFICER

OPERATIONS MANAGER:
GROUP LEADER:
SECTION SUPERVISOR:

HF
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APPENDIX B-2

QUALITY ASSURANCE PROGRAMS

Transglobal Environmental Geochemistry, (TEG)
Austin, Texas
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TrRANSELOBAL
ENVIRONMENTAL
GeocHeMmisTRY, TEXAS

December 16, 1993

Ms. Darice Kurtzer
Project Manager
LAW ENVIRONMENTAL & ENGINEERING

SUBJECT: QUALITY CONTROL LIMITS FOR 8020/8015 & LEAD FOR CARSWELL
AF¥B PROJECT

Dear Ms. Kurtzer:
The following pages are the information that you requested. The
control limits based on the historical data obtained from our

mobile labs. If you have any questions regarding this data, please
feel free to contact me.

Sincerely

) -

Dr. Deyhsing Luu

Presidgnt
TEG/Téxas
DL/ml

Mobile and Laboratory Analytica! Services Environmental Subconsulting Geochemical R& D Soil Vapor Surveys Air Monitoring
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123 PB3  DEC 16 ’93 15:59
18VELB
1l. BTEX:
a. Quality Control Check (QCC)
Concentration (mg/L) UCL* LCL* _
1.00 1.15 0.85

UCL: Upper Control Limits
LCL: Lower Control Limits

b. Method Detection Limits (5020/8020)

0.01 mg/L (Benzene, Toluene, & Ethylbenzene)
0.03 mg/L (Xylenes)

c. Matrxi Spike and Matrix Spike Duplicate

Spiked io m
1.00

No Ra v
80 -~ 120

Accceptable § Relative Deviation

+ 25
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18731l

2. TPH (Modiifed 8015):
Ga ine:

a. Quality Control Check (QCC)

Concentration (mg/L UCL* ILCL*
200 230 170

UCL: Upper Control Limits
LCL: Lower Control Limits

b. Method Detection Limits
1.0 mg/L
c. Matrxi Spike and Matrix Spike Duplicate
Spi o ti
200
Normal Range of IRecover
75 - 125
Accceptable elative Devi
+ 27
Diesel:

a. Quality Control Check (QCC)

Concentration (mg/L) UCL* LCL*
500 565 435

UCL: Upper Control Limits
LCL: Lower Control Limits

b. Method Detection Limits

2 mg/L
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byl

oy
o~

+

ed conce
500
85 - 115

1
Aceccepta

c. Matrxi Spike and Matrix Spike Duplicate
No




15123355288 TEG/TEXRS

3. Total Lead (3051/7421):
a. Quality Control Check (QCC)
Concentration (mg/L)
1.0

UCL: Upper Control Limits
LCL: Lower Control Limits

b. Method Detection Limits
0.1 mg/L

c. Matrxi Spike and Matrix Spike Duplicate

Spiked Concentration (mg/L)

1.0

ormal R e COV!

65 = 135

ueL:
1.3

Accceptable % Relative Deviation

+ 28

0.7
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TRANSGELOBAL

ENVIRONMENTAL
GeocuemisTry, TEXAS

December 16, 1993

Ms. Darice Kurtzer
Project Manager
LAW ENVIRONMENTAL & ENGINEERING

SUBJECT: QUALITY CONTROL LIMITES FOR 8020/8015 & LEAD FOR CARSWELL
A¥B PROJECT

Dear Ms. Kurtzer:

The following pages are the information that you requested. The
control limits Dbased on the historical data obtained from our
mobile labs. If you have any questions regarding this data, please
feel free to contact me.

Sincerely

B

Dr. D sing Luu

Presidént
TEG/Té¢xas
DL/ml

i Mobile and Laboratory Analytical Services  Environmental Subconsulting  Geochemical R& O Soll Vapor Surveys  Air Monitoring
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1. BTEX:
a. Quality Control Check (QCC)

Concentration (mg/L) UCL* LCL*
1.00 1.15 0.85

UCL: Upper Control Limits
LCL: Lower Control Limits

b. Method Detection Limits (5020/8020)

0.01 mqg/L (Benzene, Toluene, & Ethylbenzene)
0.03 mg/L (Xylenes)

c. Matrxi Spike and Matrix Spike Duplicate
Spiked Concentration (mg/L)
1.00

Norm e 0o Recove

80 ~ 120

Accceptable £ Relative Deviation

+ 25
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Mg and Laporatory Analvtical Services Znvironmental Subconsulting 3eochemical R& D Soil Vapor survevs Air Monitoring

408 University Place Corpus Christi, Texas 78412 512-991.7975 / 991-1078 Fax
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I STRATAPROBE M

The STRATAPROBETM is the basic element of a sophisticated hudraulic drive-point system developed by
TEGeoSampling. TEG’s STRATAPROBETM is designed to perform discrete soil sampling, groundwater
sampling, soil vapor sampling, and the installation of multi-depth vapor wells for the Environmental
Industry. The STRATAPROBETM is one of the most versatile units of its kind, capable of driving an
assortment of sampling tools to depths of 50 feet, or greater, in most soil formations.

The STRATAPROBETM carrier vehicle is a four-wheel-drive, one ton truck, equipped with a reliable
diesel-powered, PTO hydraulic system. The powerful, rear mounted unit is fitted with dual rams and a
hydraulic hammer. High frequency impact energy coupled with 5000 pounds of static reaction weight and
a 15000 pound pull-back capacity, provide ample force to overcome the most demanding geologic
conditions. The 5’ working stroke of the machine enables efficient penetration and retrieval of the
sampling tools. Additionally, the low, 12’ mast allows for operations within buildings, and the fully
articulated boom provides a full range of positioning and directional boring capabilities. The custom-
designed drive rods are constructed of high strength 11/2” threaded steel tubing.The STRATAPROBETM
is a low profile unit that is fully enclosed in the utility bed of the truck while in transit. TEGeoSampling
also offers hand-held, portable equipment for sampling in locations where truck access is not possible.

STRATAPROBEy SYSTEM
STRATAPROBETy CARRIER VEHICLE

Ford F350 Utility Truck
SPECIFICATIONS ACCESSORY EQUIPMENT
* Four Wheel Drive * Steam Cleaner
* All Terrain * Concrete Corer
* Dimensions: 7.5° x 21° * Decontamination Area
* Low Profile Bed * Sample Prep & Waste
* Diesel Powered PTO Staging Area

STRATAPROBETy DRIVE POINT UNIT
Rear-Mounted Hydraulic Unit

SPECIFICATIONS

* Dual 5’ Stroke Hydraulics

High Frequency 100psi Impact Hammer

50001b Static Drive Weight

150001b Pull-Back Capacity

Custom Drive Rods: 5’ Threaded, High-Strength Steel Tubing
25° Directional Boring with Articulated Boom

* ¥ X X ¥



I SOIL VAPOR SAMPLING PROCEDURES

A) SOIL VAPOR COLLECTION

TEG’s experienced field personnel, equipped with hydraulic & vibrational insertion and recovery
equipment, concentrate solely on vapor collection. TEG’s probe design allows insertion/recovery using
either heavy duty, 4-wheel drive truck mounted STRATAPROBET)s equipment or portable (vehicle-
independent) equipment. No change-over time is required between the two methods, meaning both
methods can be deployed simultaneously, depending upon site access. Our soil vapor probe design and
methodology have been fully approved and endorsed by the California EPA and the Los Angeles Regional
Water Quality Control Board (LA-RWQCB). The TEG system has been used on state lead projects for the
TWC (references follow).

TEG’s probe design has only Scc dead-volume within an inert tube, which affords the following
advantages:

* Minimal vapor need be withdrawn, thereby eliminating the need for vacuum pumps.

* Full length inert tubing prevents atmospheric contamination from leakage into probe body. This is a
crucial consideration in arid environments.

* Soil vapor does not contact the metal probe body. Thus, decon procedures are fast and simple.

Probe Construction

TEG’s soil vapor probes are constructed of 7/8” or 1 1/2” OD (STRATAPROBET)) stainless steel,
equipped with a hardened, reverse-thread steel tip. Nominal lengths are 5°, although additional lengths

may be used. An inert 1/8 inch nylaflow tube runs down the center of the probe to the sampling ports
beneath the tip (fig A).

Probe Insertion

The probe is driven into the ground by the force of 5,000 1b of static weight and a high frequency
hydraulic hammer with the STRATAPROBET) system, or by a portable electric rotary hammer. Once
inserted to the desired depth, the probe is rotated 3 to 5 times in a clockwise direction, which opens the tip
and exposes the vapor sampling ports. This design prevents clogging of the sampling ports and cross-
contamination from soils during insertion.

Field Collection Log

The field technician completes a logsheet summarizing time of sampling event, depth of pene-tration or
refusal, which probe is used on each sampling location, when tubing is replaced, any visual contamination
on the probe, OVM readings as applicable, and any other unusual occurences at a particular sampling
location.

Gas Sampling

Soil vapor is withdrawn from the nylaflow tubing using a syringe connected via an on-off valve. The first
40cc of gas is discarded to flush out the dead volume of the tubing and fill with insitu soil vapor. The next
20cc of gas are drawn in a syringe, plugged, and immediately transferred to the mobile lab for analysis
within minutes of collection. Additional soil vapor volumes may be collected and stored in gas-tight
containers as desired. :
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Flushing & Decontamination Procedures

To minimize the potential for cross-contamination between sites, all probe parts are cleaned of excess dirt
and moisture prior to insertion. The nylaflow tubing and sampling ports are flushed with hundreds of cc's
of ambient air or inert gas between samples. If dirt, water or any material is observed in the tubing, it is
discarded and replaced with new nylaflow. If concentrations greater than 100ppmv are detected for any
compound (except methane), the tubing is replaced. Sampling syringes are opened and exposed to outside
air on a clean surface to allow any volatiles to escape after each use. If concentrations greater than
100ppmv are detected for any compound (except methane) the syringe is discarded, unless glass syringes
are used.

Access to Difficult Sites

TEG’s probes may be deployed either with a truck-mounted system or by hand. The truck mounted
STRATAPROBET), system is deployed on a 4-wheel drive truck, thus enabling access to rough terrain
sites. The portable unit may be used in and around buildings, inside tank farm fire walls, or in
environmentally sensitive areas.

Abandonment Procedures

With only a 3/4" to 1 1/2” hole and no tailings remaining after recovering the probe, the hole is typically
backfilled and grouted and the pavement or slab is patched accordingly.

B) MULTI-DEPTH (Nested) VAPOR WELLS
Well Construction

TEG’s semi-permanent, multi-depth soil vapor wells are constructed with individual sample tubes set at
multiple depths below the ground surface (Fig. B). An inert 1/8” polypropylene nylaflow tube extends to
the desired depth and is connected to a machined, stainless steel tip containing multiple intake ports.

The 1/8” diameter nylaflow consists of one continuous lenght of tubing, which eliminates couplings or
joints, and therefore, potential leakage. Using the 1/8” tubing also results in an extremely low dead volume
of space within the tube and tip which must be purged prior to obtaining a sample. This low dead volume
eliminates the need for purging large vloumes of air, which ensures sample integrity.

Tube Insertion

The 1/8’ nylafiow tubing and tips can be inserted either using the STRATAPROBET) to depths up to 50°
or may be deployed at deeper depths in larger diameter borings. The STRATAPROBETyy, equipped with
a detachable, vapor slotted, drive point, is initially driven to the depth of the deepest vapor well. The probe
is then withdrawn approximately 1°, leaving the drive point with attached tubing in place. Clean sand is
poured into the probe to provide a sand-pack around the vapor point, and bentonite grout is then pumped
into the hole to insure a annular seal from the overlying strata. The probe is further removed and additional
vapor wells are installed in the same manner, except the shallower wells are equipped with a screen instead
of the vapor point.
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C) SOIL VAPOR ANALYSIS 187223

Soil Vapor is collected from each probe in a gas-tight syringe, brought to the TEG mobile laboratory, and
analyzed immediately. Vapor will not be collected until the lab is ready for the sample, thus there is no lag
time between gas collection and analysis (Very Important!).

Because there is some uncertainty about the types of contamination that might be present, it is /mperative
that the analytical equipment be Sensitive enough and also Specific enough to differentiate between the
different types of potential compounds. For example, FID and ECD detectors are sensitive enough, but
used alone are not specific enough to differentiate between all of the aromatic and halogenated VOC's. To
ensure proper identification and achieve adequate detection levels, a combination of 3 different types of
detectors is often necessary: FID, Hall (ELCD), and PID.

Utilizing the Appropriate State of the Art Laboratory Grade analytical instrumentation With EPA
Required Detectors, TEG’s fully self-supported (power, water, etc.), CA DOHS Certified and TWC
Approved Mobile Laboratories are equipped for the analyses of the following volatile organic compounds
(VOC's) found in soil vapors:

Aromatic Hydrocarbons (BTEX, etc.), EPA modified 602, 8020
Gas Chromatograph with PID
Detection levels: 10-50 ppbv (0.1 ug/l) for each compound

Chlorinated & Halogenated Hydrocarbons (Solvents), EPA modified 601, 8010
Gas Chromatograph with ECD or Hall (ELCD) detector coupled with a 60m capillary column
Detection levels: 10-50 ppbv (0.1 ug/l)

Total Petroleum Hydrocarbons (TPH) , EPA modified 8015
Gas Chromatograph with FID
Detection level: 1ppmv

Fixed/Biogenic Gases (available at selected TEG offices)
Gas Chromatograph with combination TCD/FID

Detection levels: fixed gases, 10ppm CO,, 10ppm
methane, 1ppm CO, 10ppm
0,2, 0.5%

Nominal Throughput
Depending upon sampling depth and which analyses are required, 15 to 30 samples can be collected and
analyzed in a 8 to 10 hour work day.

QA/QC Procedures

TRANSGLOBAL utilizes modified EPA protocols. Three point calibration curves will be run prior to the
program and re-run when the daily continuing calibration falls outside of the limits (+/- 15%) as required
by EPA protocols.
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D) DATA HANDLING & PROCESSING

Data from each detector is processed by a chromatographic software system. The resulting values for each
compound is entered into a spreadsheet file on a multi-tasking, 486/33 MHz PC. Print-outs of the data are
available daily. An example print-out is enclosed.

The spreadsheet data is read into a contouring program (Surfer) and displayed graphically in both 2-D
(contour) and 3-D (raised surface) projections. The lab is equipped with a color printer for onsite hardcopy
output (examples follow). These projections are available on a real time basis.

Data is also be available to the client on computer disks in an ASCII format.

E) VAPOR PERMEABILITY STUDIES

Relative vapor permeabilities in the soil can easily be determined by attaching a small vacuum pump to the
individual vapor probes and measuring the flow rate while maintaining a constant vacuum pressure of 20
to 40 inches of water. According to emperical results performed by our associates at sites in California, the
radius of influence for this type of test is approximately 5°.

III SOIL & GROUNDWATER SAMPLING PROCEDURES

A) DISCRETE SOIL SAMPLER

The TEG STRATAPROBET), obtains high quality discrete soil samples using a retractable piston,
combined with a standard split-spoon sampler.

Sampler Construction

The STRATAPROBET)4 split-spoon sampler is 12” long and has an outside diameter of 2.5”. The internal
piston assembly consists of a hardened steel tip, steel connecting rod and a teflon ring that prevents metal
to metal contact between the piston and the sample liners. The split-spoon contains two or three 2” x 4”
stainless steel, brass or aceatate retainer sleeves. During initial probe insertion, the piston is locked into
place in the sampler body.The piston prevents the sampler from filling as it is advanced to depth.

Probe Insertion & Sample Recovery

The probe is driven into the ground using the heavy-duty rear-mounted hydraulic “direct push” ng. Once
the target depth is reached, the piston is unlocked by a control rod and the sampler is driven 1° deeper,
allowing the cored material to enter the sample tube as the piston retracts. The STRATAPROBET),is then
returned to the surface, where the sleeves are recovered from the split-spoon and sealed for delivery to
TEG’s “state approved” on-site mobile laboratory for immediate analysis.
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Decontamination Procedures

EPA recommended protocol is the basis for all decontamination on TEG STRATAPROBET), operations.
The actual procedures are tailored for each particular project. The primary deciding factors used in
determining the decontamination procedures are types of contaminants and the site conditions. The
sampling tools are decontaminated and certified clean with the appropriate documentation provided.

B) WATER SAMPLER

Water Sampler Construction

The STRATAPROBET) system water sampler consists of a detachable drive tip which is attached to a 24”
retractable stainless steel well screen. The unit is encased in the lead probe tube. For water recovery the
system can accomodate either a 20” bailer, capable of recovering S0ml of sample, or tubing that can be run
into the probe after insertion and is connected to a peristalic pump at the surface.

Water Sampler Operation & Sample Recovery

After the water sampler is advanced into the water bearing zone the probe is withdrawn 2’ to allow the
retractable assembly to open to the formation. The water level is monitored by an electrical conductivity
instrument and when the water has reached hydrostatic equlibrium within the well screen, the sample is
ready to be taken. Depending upon the hydraulic conductivity of the formation and the constituents of
concern, the sample will be taken with either the bailer or the post-run-tubing/peristalic pump system. At
the surface the samples will be placed in VOA vials or other approved containers, chilled and perservatives
added, as EPA protocol dictates.
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IV RESUMES OF LEAD PERSONNEL

TEXAS & MEXICO

Mr. Rolf Woods, CPG, President

TRANSGLOBAL SOUTH

Mr. Woods will run and/or supervise the day to day GeoSampling operation as well as market the
services. In concert with these efforts, Mr. Woods will continue to promote mobile laboratory services for
sister TEG operations on a commission basis.

Mr. Woods’ professional career began as a well site geologist for UNOCAL where he worked in
California, Thailand and Louisiana. During this time he was directly responsible for sampling and logging
operations. Mr. Woods moved to Texas with Texas Oil & Gas Corporation in 1979 and became a
consulting geologist in 1980. During the 1980’s Mr. Woods generated drilling prospects and marketed
these ideas to industry. In 1991 Mr. Woods performed soil vapor field operations on an exploration
project for a consortium of independent oil and gas operators.

Since joining TEG in February, 1992 Mr. Woods has been instrumental in developing the mobile
laboratory market in Texas. Due to his influence, TEG/TEXAS has also become a major player in the soil
vapor surveying business. In the first 15 months of business Mr. Woods has developed a client list of
over 600 companies in 27 states and Mexico.

Mr. Woods holds a BS degree from The University of Southern California in Geology and he is a
Certified Petroleum Geologist.

SOUTHERN _CALIFORNIA

Mr. Jeffrey S. Martineau, President

TRANSGLOBAL ENVIRONMENTAL GEO-SAMPLING

Mr. Martineau is responsible for research and development of the geo-sampling equipment and technical
support for field operations. He will also play a primary role in developing a marketing and pricing

strategy for TRANSGLOBAL ENVIRONMENTAL GEO-SAMPLING.

Prior to joining the TEG family, Mr. Martineau was Western Operations Manager for TARGET
ENVIRONMENTAL SERVICES. In this capacity, Mr. Martineau accumulated over 5 years of
environmental site assessment experience and was the principal designer and builder of TARGET’s
sampling systems, which included deep soil vapor, soil and water sampling. He was instrumental in the
construction of 2 innovative hydraulic drive point rigs. Mr. Martineau has completed more than 1000
geochemical surveys with special emphasis on difficult and varied sampling conditions throughout the
United States.

Mr. Martineau holds a BS degree in Geography (Minor in Geology) from James Madison University.
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SOUTHERN CALIFORNIA

Dr. Blayne Hartman, Ph.D., President

TRANSGLOBAL ENVIRONMENTAL GEOCHEMISTRY

Dr. Hartman's daily responsibilities with respect to TEG include direction of laboratory operations,
supervision of laboratory personnel, analysis, report preparation, technical review and method
development, and direction of corporate development.

Dr. Hartman's academic research included a variety of chemical oceanography projects including:
petroleum tracing using stable and radiogenic compounds as tracers; process controls across the air-water
interface; and gas chromatography of dissolved gases in water and sediments.

Prior to founding Transglobal Exploration, Dr. Hartman was chief marine geochemist with InterOcean
Systems where his responsibilities included direction of marine sediment and bottom-water geochemical
exploration programs. As a research geochemist with Unocal Research, Dr. Hartman was responsible for
development of geochemical prospecting techniques in onshore and offshore applications. These research
operations included extensive method development and use of a variety of gas chromatography. Other
research included use of stable metal isotopes as correlation parameters for organic materials. As founder
and president of Transglobal Exploration & Geoscience in 1988, Dr. Hartman has been personally
responsible for directing geochemical technical development, equipment design and maintenance,

applications development, and 1mplementat10n of exploration programs, analyses, and reporting.

TEXAS

"~ Dr. Derhsing Luu, Ph.D., President

TRANSGLOBAL ENVIRONMENTAL GEOCHEMISTRY / TEXAS

Dr. Luu's daily responsibilities with respect to TEG/TEXAS include direction of laboratory operations,
supervision of laboratory personnel, analysns report preparation, technical review and method
development.

Dr. Luu's academic research included a variety of novel automated analytical instruments development
including: methanol analyzer and hydrocarbon analyzer. Prior to founding TEG/Texas, Dr. Luu was R&D
senior scientist with Global Geochemistry Corp. where his responsibility included development of
methanol analyzer for CARB (California Air Resource Board) and hydrocarbon analyzer for
Schlumberger. As a senior chemist for Air Toxic Lab with ENSR, Dr. Luu was responsible for daily
laboratory operations and method development for air toxic laboratory. As an environmental laboratory
manager and corporate QA officer with TRI (Texas Research Institute), Dr. Luu was responsnble for
supervising, performing GC/MS analysis, training, method developing for indoor air momtormg, and

devising corporate QA/QC policy.
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Michael Korosec, M.S., President

TRANSGLOBAL ENVIRONMENTAL GEOCHEMISTRY / NW

Mr. Korosec's daily responsibilities with respect to TEG Northwest include direction of all laboratory
operations, supervision of laboratory personnel, analysis, report preparation, technical review, marketing,
and contract negotiations.

While with TEG, Korosec has developed unique preparation methods and analytical techniques for on-site
analysis of PAH's, PCB's and chlorinated pesticides in soils, and PAH's and BTEX in tars.

Korosec's academic research included studies of the chemical and physical controls on the transport of
dissolved nutrients across the sediment-water interface, using UV spectrophotometry and gas
chromatography.

Prior to founding TEG/Northwest, Korosec was in charge of the state of Washington, Division of
Geology and Earth Resources' Geothermal Exploration Program. The work included the development of
a water analysis laboratory for the determination of dissolved cat ions, an ions and trace metals in thermal
and mineral waters. Instrumentation included AA spectrophotometer, UV spectrophotometer, mercury
analyzer and specific ion meters. Additional work included drilling programs for temperature gradient and
heat-flow studies, whole rock geochemistry, age dating, and geologic mapping. As program manager,
Korosec was responsible for all contracting, subcontracting and reporting to the U.S. Department of
Energy.

NORTHERN CALIFORNIA

Mark Jerpbak, M.S., R.G., President

TRANSGLOBAL ENVIRONMENTAL GEOCHEMISTRY / SACRAMENTO

Mr. Jerpbak's daily responsibilities with respect to TEG/Sacramento includes direction of all laboratory
operations, supervision of laboratory personnel, analysis, report preparation, technical review, marketing,
and contract negotiations.

Since 1981, Mr. Jerpbak has worked with several companies and agencies in geology and geochemistry in
the United States and overseas, including: Ascension Island, Papau New Guinea and Japan. His work
has included gas chromatography in the petroleum industry, gas and vapor analyses and wet chemical
titration in the geothermal industry, injection tests in active geothermal areas, and gas chromatography by
EPA methods in the environmental industry. He has worked extensively in the field and in the mobile lab
environment.

Mr. Jerpbak holds a M.S. degree from the University of lowa in geology and geophysics. He is a
California State Registered Geologist and also consults for the Yolo County Department of Public Health,
and Environmental Health Services in California.
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V GEOSAMPLING REFERENCES
TRANSGLOBAL'S soil vapor sampling and analytical methodology have been fully approved by the LA

County Regional Water Quality Control Board (RWQCB). TRANSGLOBAL has performed state lead soil
vapor projects for the TWC. Selected references with contact numbers (we encourage you to contact them)

for specific projects are:

CLIENT CONTACT PHONE #
AIRCRAFT STAMPING Mr. Mike Nolan 818-443-2713
ALTON GEOSCIENCE Mr. Ron Kofron 619-587-0682
CALIFORNIA ENV. Mr. Charles Buckley 818-991-1542
CHEM WASTE MGMT Ms. Sue Goss 714-826-0604
CERES ENVIRONMENTAL Mr. Nick Patz 310-907-4088
COASTAL REMEDIATION Mr. John Thomas 713-297-1708
DAMES & MOORE (Houston) Mr. Jeff Borem 713-688-4541
DAMES & MOORE (LA) Ms. Deborah Stott 213-683-1560
DAMES & MOORE (Tustin) Mr. Essi Essamali 714-433-2000
DAMES & MOORE (San Ber.) Mr. Brian Wynne 714-381-2004
DuPONT ENVIRON. REM. SERVICES  Mr. John Leetham 713-586-5600
ENSAFE Mr. Ted Blahnik 214-642-1665
HARDING LAWSON ASSOC. Mr. Dale Tischmak 303-292-5365
W.W. IRWIN Mr. David A. Williams 714-699-6120
IT CORPORATION (Irvine) Ms. Mary Parker 714-660-5466
IT CORPORATION (SD) Mr. Peter Merz 619-554-0510
JACOBS ENGINEERING Ms. Riz Sarmiento 818-568-7001
KLEINFELDER Mr. Ed Trosper 310-860-5559
LOCKMAN & ASSOC Mr. Razmik Gozalian 213-724-0250
MICHAEL BRANDMAN ASSOC Ms. Susan Kline 619-260-1800
NINYO & MOORE Mr. Steve Geyer 619-457-0400
OGDEN ENVIRONMENTAL Mr. Eric Wetzstein 619-458-9044
MALCOLM PIRNIE Mr. Dave Morley 713-840-1511
REIDEL ENVIRONMENTAL Mr. Joe Koutski 310-327-4428
ROBERT PRATER ASSOC Mr. Larry Jansen 619-453-5605
SEACOR . Mr. John Wainwright 714-335-6116
SIMON HYDROSEARCH Mr. Roy Marroquin 714-891-7446
TETRA TECH Mr. J.R. Hollingsworth 619-450-0365
TRAIL CHEMICAL Mr. Bill Peters 818-442-4140
WEST COAST ENVIRONMENTAL Ms. Carol Means 805-644-7976
WOODWARD-CLYDE Mr. Tom Zep 714-835-6886
CA-RWQCB (LA) Mr. Phil Chandler 213-266-7500
Mr. Craig Christmann 213-266-7531

10



VI GEOSAMPLING PROJECT DESCRIPTIONS

Facility: Vought Aircraft, NWIRP, Dallas

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 600

Required Time to Complete Job: 7 weeks

Consultant: EnSafe (Ted Blahnik, 214-642-1665)

Facility: Beale AFB, Sacramento

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 300

Required Time to Complete Job: 3 weeks

Consultant: Law Environmental (James Kozakowski, 916-649-2424)

Facility: Electronics Plant, Colorado Springs

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 75

Required Time to Complete Job: 4 days

Consultant: Harding Lawson (Dale Tischmak, 303-292-5365)

Facility: Schofield Army Barracks, Honolulu

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 400

Required Time to Complete Job: 25 days

Consultant: Harding Lawson (Kathrin Cain, 303-292-5365)

Facility: March AFB, Riverside

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 500

Required Time to Complete Job: 25 days

Consultant: Tetra Tech (Steve Williams, 714-660-5407)

Facility: 15 Service Station Sites in Rio Grande Valley

Goals: Delineate contamination of aromatic hydrocarbons

Number of Sampling Points: 330

Required Time to Complete Job: 20 days

Consultant: Malcolm Pirnie (TWC state lead) (Dave Morley, 713-840-1511)

Facility: Tank Farm

Goals: Delineate contamination of aromatic hydrocarbons
Number of Sampling Points: 250

Required Time to Complete Job: 11 days

Consultant: Coastal Remediation (John Thomas, 713-297-1708)

Facility: Chemical Plant

Goals: Delineate contamination of aromatic hydrocarbons

Number of Sampling Points: 60

Required Time to Complete Job: 3 days

Consultant: DuPont Environ. Rem. Services (John Leetham, 713-586-5600)

11
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Facility: Camp Pendleton Marine Corps Base

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 1500

Required Time to Complete Job: 43 days

Consultant: IT Corp. (Mary Parker, 714-660-5407)

Facility: Camp Naval Base, Guam

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 60

Required Time to Complete Job: 4 days

Consultant: Ogden Env. (David Bjostad, 619-458-9044))

Facility: Chemical Plant

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 110

Required Time to Complete Job: 7 days

Consultant: Monsanto Chemical (Larry Adams)

Facility: Commercial Properties

Goals: Delineate contamination of aromatic and halogenated hydrocarbons
Number of Sampling Points: 225

Required Time to Complete Job: 15 days

Consultant: Dames & Moore (Nancy Darigo, 213-683-1560)

12
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VII LIST OF TRANSGLOBAL OFFICES / AFFILIATES

TRANSGLOBAL SOUTH

408 University Place

Corpus Christi, TX 78412
512-991-7975

512-991-1078 Fax

Directors: Mr. Rolf Woods, CPG
Units: 1 STRATAPROBE
Personnel: 1

TEG Labs/GeoSampling

432 Cedros Avenue

Solana Beach, CA 92075
619-793-0401

619-793-0404 Fax

Director: Dr. Blayne Hartman
Labs: 5 mobile

Units: 1 STRATAPROBE
Personnel: 15

TEG - TEXAS

10805 Metric Blvd.

Austin, Texas 78758

512-835-9299

512-835-4726 Fax

Directors: Dr. Derhsing Luu
Labs: 1 Fixed Base, 2 Mobile
Personnel: 4

TEG - Pacific Northwest

7110 38th Drive, S.E.

Lacey, WA 98503

206-459-4670

206-459-3432 Fax

Director: Mr. Michael Korosek.
Labs: 3 mobile

Personnel: 3

TEG - Hawaii

770 Mokapu Road

Kailua, HI 96734

808-254-0046

808-254-0243 Fax

Director: Mr. Tim Fitzpatrick
Labs: 2 mobile
Personnel: 3

13

TEG - Northern California
P.O. Box 162580

Sacramento, CA 95816
916-736-3233

916-452-5806 Fax

Director Mr. Mark Jerpak, M.S.
Labs: 2 mobile

Personnel: 4

TEG - Georgia

5064 Laurel Bridge Drive
Smyma, GA 30082
404-433-8195

Director: Mr.Mark Hankinson
Labs: 1 mobile

Personnel 3
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3.0 STATEMENT OF POLICY <35

This document has been prepared for the purpose of providing detailed information to regulatory
agencies and clients regarding the quality assurance (QA) and quality control (QC) program
which is utilized at Transglobal Environmental Geochemistry, Inc. (TEG). The format of this
Comprehensive Quality Assurance Plan is generally based on United States Environmental
Protection Agency (EPA) guidelines for preparation of Quality Assurance Program and Project
Plans (QAMS-004/80 and QAMS-005/80) and the Quality Control portions of EPA Document
SW 846, "Test Methods for Evaluating Solid Waste." Changes to those formats have been
incorporated to expand this document into a non-project specific outline of TEG operating
procedures.

The purpose of TEG’s quality assurance program is to establish methods by which problems in
the data acquisition process may be detected and corrected within a framework of statistical
control. This approach is designed to result in reduction of measurement errors to within
accepted standards with results being of acceptable and verifiable quality. The TEG quality
assurance program is concerned with, but is not limited to, the following subjects:

o development and use of techniques commonly accepted as good laboratory practice;

o standard operating procedu..s used with consistency;

° adherence to protocol for specific analyses;

L continuity and consistency of personnel involved with all phases of the analytical
program;

° consistent use and maintenance of equipment;

] application of proper calibration protocol and use of standards; and

L integration of senior technical and management personnel in supervision, evaluation, and

implementation of the QA program.

By using the techniques outlined in this plan, the quality of the analytical process and resulting
data is continually evaluated. In maintaining sound QA management practices, TEG is able to
maintain its commitment to generating data of verifiable quality.
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4.1 PURPOSE :

Transglobal Environmental Geochemistry, Inc. (TEG) is seeking full and unconditional DER
approval of laboratory services for on-site testing of soils, water, sediments, wastes, air, soil
vapor, and air emissions for the EPA and DER methods described in Section 5.0 of this

document.

4.2 CORPORATE PROFILE

Transglobal Environmental Geochemistry is a fully-owned subsidiary of Transglobal Exploration
& Geoscience, Inc., a California Corporation based in Solana Beach, California. TEG has
formed joint partnerships in five (5) additional locations outside of southern California as shown
in Figure 4-1.

Figure 4-1. CORPORATE ORGANIZATION CHART

TRANSGLOBAL EXPLORATION & GEOSCIENCE, INC.
432 N. Cedros Avenue
Solana Beach, CA 92075

TEG - SOLANA BEACH
432 N. Cedros Avenue

Solana Beach, CA 92075
Blayne Hartman, Ph.D.

TEG - TEXAS
7013 Dallas Dr.
Austin, TX 78729

Derhsing Luu, Ph.D.

TEG - NORTHWEST
7110 38th Dr. S.E.
Lacey, WA 98503

Michael Korosec, M.S.

TEG - SACRAMENTO
3227 Second Ave.
P.O. Box 162580

Sacramento, CA 95816

Mark Jerpbak, M.S.
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4.3 KEY PERSONNEL
At each location, all aspects are under the supervision of a CADOHS-certified director. This

director is responsible for all aspects of laboratory operations, analytical methods, technical
development, and supervision of analysis. The Director for each location is provided (Figure
4.1) and a brief description of these key personnel is provided in the following paragraphs.

SOUTHERN CALIFORNIA

Dr. Blayne Hartman, Ph.D.

Dr. Hartman’'s da11y responsibilities with respect to TEG include direction of laboratory
operations, supervision of laboratory personnel, analysis, report preparation, technical review
and method development, and direction of corporate development. Additional discussion of
responsibility is presented in Section 4.4.

Dr. Hartman’'s academic research included a variety of chemical oceanography projects
including: petroleum tracing using stable and radiogenic compounds as tracers; process controls
across the air-water interface; and gas chromatography of dissolved gases in water and
sediments.

Prior to founding Transglobal Exploration, Dr. Hartman was chief marine geochemist with
InterOcean Systems where his responsibilities included direction of marine sediment and
bottom-water geochemical exploration programs. As a research geochemist with Unocal
Research, Dr. Hartman was responsible for development of geochemical prospecting techniques
in onshore and offshore applications. These research operations included extensive method
development and use of a variety of gas chromatography. Other research included use of stable
metal isotopes as correlation parameters for organic materials. As founder and president of
Transglobal Exploration & Geoscience in 1988, Dr. Hartman has been personally responsible
for directing geochemical technical development, equipment design and maintenance,
applications development, and implementation of exploration programs, analyses, and reporting.

TEG - TEXA

Dr. Derhsing Luu, Ph.D.

Dr. Luu’s daily responsibilities with respect to TEG/Texas include direction of laboratory
operations, supervision of laboratory personnel, analysis, report preparation, technical review
and method development.

Dr. Luu’s academic research included a variety of novel automated analytical instruments
development including: methanol analyzer and hydrocarbon analyzer.



187242
~ Section 4
Revision 1
Date 1/1/93
Page 3 of 6

Prior to founding TEG/Texas, Dr. Luu was R&D senior scientist with Global Geochemistry
Corp. where his responsibility included development of methanol analyzer for CARB (California
Air Resource Board) and hydrocarbon analyzer for Schlumberger. As a senior chemist for Air
Toxic Lab with ENSR, Dr. Luu was responsible for daily laboratory operations and method
development for air toxic laboratory. As an environmental laboratory manager and corporate
QA officer with TRI (Texas Research Institute), Dr. Luu was responsible for supervising,
performing GC/MS analysis, training, method developing for indoor air monitoring, and
devising corporate QA/QC policy.

- NORTHW

Michael Korosec, M.S.
Mr. Korosec's daily responsibilities with respect to TEG Northwest include direction of all

laboratory operations, supervision of laboratory personnel, analysis, report preparation, technical
" review, marketing, and contract negotiations.

While with TEG, Korosec has developed unique preparation methods and analytical techniques
for on-site analysis of PAH’s, PCB's and chlorinated pesticides in soils, and PAH's and BTEX

in tars.

Korosec’s academic research included studies of the chemical and physical controls on the
transport of dissolved nutrients across the sediment-water interface, using UV spectrophotometry
and gas chromatography.

Prior to founding TEG/Northwest, Korosec was in charge of the state of Washington, Division
of Geology and Earth Resources’ Geothermal Exploration Program. The work included the
development of a water analysis laboratory for the determination of dissolved cat ions, an ions
and trace metals in thermal and mineral waters. Instrumentation included AA
spectrophotometer, UV spectrophotometer, mercury analyzer and specific ion meters.
Additional work included drilling programs for temperature gradient and heat-flow studies,
whole rock geochemistry, age dating, and geologic mapping. As program manager, Korosec
was responsible for all contracting, subcontracting and reporting to the U.S. Department of
Energy.

TEG - SACRAMENT

Mark Jerpbak, M.S., R.G.

Mr. Jerpbak’s daily responsibilities with respect to TEG/Sacramento includes direction of all
laboratory operations, supervision of laboratory personnel, analysis, report preparation, technical
review, marketing, and contract negotiations.

Since 1981, Mr. Jerpbak has worked with several companies and agencies in geology and
geochemistry in the United States and overseas, including: Ascension Island, Papau New
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Guinea and Japan. His work has included gas chromatography in the petroleum industry, gas
and vapor analyses and wet chemical titration in the geothermal industry, injection tests in active
geothermal areas, and gas chromatography by EPA methods in the environmental industry. He
has worked extensively in the field and in the mobile lab environment.

Mr. Jerpbak holds a M.S. degree from the University of Iowa in geology and geophysics. He
is a California State Registered Geologist and also consults for the Yolo County Department of
Public Health, and Environmental Health Services in California.

4.4  RESPONSIBILITIES

The mobile laboratories based in each location are personally supervised by one of the laboratory
directors with the assistance of trained and experienced technicians. It is the responsibility of
each director to maintain the QA/QC protocol or SOP set forth in this document. In order to
review adherence to these procedures, periodic meetings are established to review project data
and related QA concerns. Additional discussion of responsibilities regarding each position is
presented in following paragraphs. A sample and data flow chart is provided below.

Figure 4-2. SAMPLE OF DATA FLOW CHART

" Sample Collection "

(Client)
Sample Tracking Preliminary
Sample Log-in and Storage Analysis Report
(Lab Chemist) (Lab Chemist) (Lab Chemist) (Lab Chemist)

QA Review
(QA Manager)

Final Report
(Laboratory Director)

|

The responsibility for maintaining the QA/QC program is divided into separate designated tasks,
each with differing requirements as follows:




187244

Section 4
Revision 1
Date 1/1/93
Page 5 of 6

Lab Chemist. The lab chemist, or chemical analyst/technician, is responsible for implementing
QA/QC procedures and record keeping in the preparation and analysis of samples, and for
providing the initial review and interpretation of data within the framework of the QA/QC plan.
In field situations, the lab chemist is also responsible for monitoring sampling activities, sample
receipt, and sample control. Sample control duties include:

sample receipt, unpacking, inspection, and verification;
Chain-of-Custody Report completion;

log-in of samples on proper tracking forms;

placing samples in proper storage;

notification of analysts and managers; and

disposal or return of samples to client.

Analytical duties of the Lab Chemist include:

° daily maintenance, start-up and calibration of analytical equipment;

° daily monitoring of quality control protocol, such as refrigerator temperature
calibration;

o preparation of standards for linearity checks;

° documentation of analyses, problems, QA, and maintenance of project files; and

° preparation of preliminary analytical report.

QA _Manager. The QA Manager, is responsible for: establishing QA/QC procedures and
specifications for each project; reviewing data and protocol; initiating and supervising audits;
recommending appropriate corrective actions, and reporting to the directors. Specifically, the
QA Manager is responsible for:

data assembly, general review of project;

verification of data completeness;

verification of QA/QC compliance;

verification of client requirements;

review of preliminary report;

preparation of QA report to include: technical difficulties, QA/QC results and
conclusions; and

° implementation of the TEG QA program and technical training of personnel.

Health and Safety Officer. The Health and Safety (H&S) Officer at TEG is responsible for
administrating the following duties:

° coordination of training programs in first aid, CPR, hazardous materials handling,
emergency contingency planning, and right-to-know compliance;
° review and implementation of in-house and site-specific H&S Plans;
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labeling and storage of hazardous materials;

maintenance of Material Safety Data Sheets (MSDS) files;

Resource Conservation Recovery Act small quantity generator record keepmg,
and

H&S equipment ordering, maintenance, and record keeping.

Laboratory Director. It is the responsibility of the director to implement and maintain the
overall quality assurance program at TEG. The director must meet regularly with the QA
Manager to discuss general adherence to the program as well as specific QA problems or
projects which require additional review and corrective action. Additional responsnbllmes of the

Director include:

preparation or review of SOPs and QA/QC protocol;
implementation, updating and distribution of SOPs;
training of key personnel;

document control, security and confidentiality;
technical application and development;

resolution of QA and technical problems; and
overall business management.
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5.0 QUALITY ASSURANCE OBJECTIVES

This section summarizes the quality assurance objectives for precision, accuracy, and method
detection limit. These criteria are listed in Table 5-1 for each analytical parameter. The listed
criteria are objectives for analysis of typical samples under nominal conditions and may not
apply to samples in complex interfering matrices or to measurement of concentrations less than
the listed detection limit for the method.

Precision, the measurement of mutual agreement among individual measurements of the same
property under similar conditions, is expressed in terms of the percent maximum allowable
relative difference, as standard deviation, within a set of replicate results and is assessed from
duplicate and replicate analyses of the same sample. Accuracy goals are expressed as a range
of acceptable recovery from the true value as assessed from standard deviation of reference
samples and percent recoveries from matrix spikes and spike duplicates. Additional information
regarding calculations for QA objectives may be found in Section 11.



1. Refer 10 Section 11.2 for definition of Precision.

TABLE §-1
QUALITY ASSURANCE OBJECTIVES
'PRECISION *ACCURACY

COMPONENT MATRIX METHOD %RPD (Max,)  %Recovery

PURGEABLE Groundwater EPA 5030/602

AROMATICS Surface Water

Effluents

Benzene 15 75-110 0.30

Toluene 15 75-110

Chlorobenzene 15 75-110

Ethylbenzene 15 75-110

1,3-Dichlorobenzene 15 75-110

1,2 and 1,4-Dichiorobenzene 15 75-110

m&p-Xylene 15 75-110

o-Xylene 15 75-110
" PURGEABLE Soils EPA 3550/5030/8020

AROMATICS Sediments

Solid Waste

Benzene 15 75-110 0.005

Toluene 15 75-110

Chlorobenzene 15 75-110

Ethylbenzene 15 75-110

1,3-Dichlorobenzene 15 75-110

1,2 and 1,4-Dichlorobenzene 15 75-110

m&p-Xylene 15 75-110

o-Xylene 15 75-110

TOTAL

RECOVERABLE Water EPA 3510/418.1

PETROLEUM

HYDROCARBONS

TOTAL

RECOVERABLE Soils EPA 3550/418.1

PETROLEUM

HYDROCARBONS

TOTAL Groundwater EPA 3510/5030/8015

PETROLEUM Surface Water modified

HYDROCARBON?** Effluents 15 65-110

TOTAL

PETROLEUM Soils EPA 3550/8015

HYDROCARBON®** Sediments modified 15 65-110

Solid Waste

Modifications are discussed in Scction 8.3.

Listed MDLs are from published EPA methods or based on historical TEG data.

L CA-DOHS modificd EPA 8015 for fuels

2. 7 Refer 10 Section 11.2 for definition of Accuracy, listed values from in-house data. Values also apply to surrogales.
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u/k

0.30
0.30
0.30
0.30
0.30
0.30
0.30

0.005
0.005
0.005
0.005
0.005
0.005
0.005

mg/l
5.0

0.5

1872477
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TABLE 5-1 (continued)
QUALITY ASSURANCE OBJECTIVES
'PRECISION IACCURACY
COMPONENT MATRIX METHOD ZRPD Max)  %Recovery® MDL
PURGEABLE Groundwater EPA 5030/601
HALOCARBONS Surface water ug/L
Effluents

Bromoform 15 13-159 0.3
Bromomethane 15 D-144 0.3
Carbon Tetrachloride 15 43-143 0.3
Chlorobenzene 15 38-150 0.3
Chloroethane 15 46-137 0.3
Chloroform 15 49-133 0.3
Chloromethane 15 D-193 0.3
Dibromochloromethane 15 24-191 0.3
1,3-Dichlorobenzene 15 7-187 0.3
2-and 1,4-Dichlorobenzene 15 42-1430.3
1,1-Dichloroethane 15 47-132 0.3
1,2-Dichloroethane 15 51-147 0.3
1,1 MNichloroethene 15 28-167 0.3
trai. -i,2-Dichloroethene 15 38-155 0.3
1,2-Dichloropropane 15 44-156 0.3
cis-1,3-Dichloropropene 15 22-178 0.3
trans-1,3-Dichloropropene 15 22-178 0.3
Ethylene Dibromide 15 50-150 0.3
Methylene Chloride 15 25-162 0.3
1,1,2,2-Tetrachloroethane 15 8-184 0.3
Tetrachloroethane 15 26-162 0.3
1,1,1-Trichloroethane 15 4]1-138 0.3
1,1,2-Trichloroethane 15 39-136 0.3
Trichloroethane 15 35-146 0.3
Trichlorofluoromethane 15 21-156 0.3
Vinyl Chloride 15 28-163 0.3
. Recovery limita laken from SW 346.

Listed MDLs are from published EPA methods or based on historical TEG data.
l. Refer 10 Section 11,2 for definition of Precision.
2. Refer 10 Section 11.2 for definition of Accuracy, listed values from in-house data. Values also apply o surrogates.



'PRECISION  *ACCURACY
COMPONENT MATRIX

PURGEABLE Soils and
HALOCARBONS Sedimenu
Bromoform

Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chloroethane

Chloroform
Chloromethane
Dibromochloromethane
1,3-Dichlorobenzene

1,2 and 1,4-Dichlorobenzene
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylene Dibromide
Methylene Chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethane
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethane
Trichlorofluoromethane
Viny!l Chloride

TABLE 5-1 (continued)
QUALITY ASSURANCE OBJECTIVES

METHOD ZRPD Max)
EPA 3550/5030/8010

15
15
15
15
15
15
15
15
15

15
15
15
15
15
15
15 60-125

15
15
15
15
15
15
15
15

Listed MDLs are from published EPA methods or based on historical TEQ dats.
1. Refer 10 Section 11.2 for definitioa of Precisicn.

2. Refer w0 Scction 11.2 for definition of Accuracy, listed values from in-housc data. Values also apply 1o surrogaies.

EBQCOVCI'!

60-125
60-125
65-120
65-120
65-120
65-120
65-120
65-120
65-120
15
65-120
65-120
65-120
60-125
60-125
60-125

60-125
60-125
60-125
60-125
60-125
60-125
60-125
50-125
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mefkg

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
65-1200.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

187243



COMPONENT  MATRIX

POLYNUCLEAR Groundwater
AROMATIC Surface water
HYDROCARBONS Effluents

Acenapthene
Acenapthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)ftuoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Napthalene
Phenanthrene

Pyrene

POLYNUCLEAR Soils and
AROMATIC Sediments

HYDROCARBONS

Acenapthene
Acenapthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene

Fluorene
Indeno(1,2,3<cd)pyrene
Napthalene
Phenanthrene

Pyrene

EPA 3510/610

EPA 3550/8100

Listed MDL1 are from publish

Is or based on histoncal TEG dats.
1. Refer 1o Section 11.2 for definition of Precision. )
2. Refer 10 Section 11.2 for definition of Accuracy, listed valucs from in-house data.  Values also apply (o surrogates.

TABLE 5-1 (continued)
QUALITY ASSURANCE OBJECTIVES

'PRECISION  *ACCURACY
METHOD %RPD Max)  %Recovery
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125

Section §
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MDL

10
10
10
20
20
20
20
20
20
30
10
10
30
10
10
10

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.5
0.2
0.2
0.5
0.2
0.2
0.2



COMPONENT = MATJRIX

PHENOLS Groundwater

Surface water

Effluents

2,3,4-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dicblorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,6-Dichlorophenol

2 - Methylphenol

2 - Chlorophenol

2 - Methy! 4,6 - Dinitrophenol
2 - Nitrophenol

4 - Methyiphenol

4 - Chloro 3 - Methylphenol
4 - Nitrophenol
Pentachlorophenol

Phenol

PHENOLS Soils and
Sediments

2,3,4-Trichiorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol
2,4-Dinitrophenol
2,6-Dichlorophenol

2 - Methylphenol

2 - Chlorophenol

2 - Methy! 4,6 - Dinitrophenol
2 - Nitrophenol

4 - Methyiphenol

4 - Chloro 3 - Methylphenol
4 - Nitropheno!
Pentachlorophenol

Phenol

Listed MDLs are from published EPA methods or based on historical TEG data.

TABLE 5-1 (continued)

'PRECISION  ACCURACY
METHOD %RPD Max)  %Recovery
EPA 3510/604
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
EPA 3550/8040
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125
20 65-125

1. Refer 1o Section 11.2 for definition of Precision.

2. Refer 10 Section 11.2 for definition of Accuracy, listed values from in-house data. Values also apply to surTogates.

QUALITY ASSURANCE OBJECTIVES
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MDL

.01
.01
.01
.01
.03
.03
.01
.01
.03
.01
.03
.01
.03
.01
.01
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TABLE 5-1 (continued) 18725
'PRECISION  *ACCURACY
COMPONENT MATRIX METHOD %RPD (Max) MDL
Groundwater EPA 3510/608 .
PCB'S Surface water ug/L
Effluents
PCB 1016 20 65-128 20
PCB 1221 20 - 65-125 50
PCB 1232 20 65-125 20
PCB 1242 20 65-125 15
PCB 1248 20 65-128 15
PCB 1254 20 65-125 10
PCB 1260 20 65-125 10
4,4 -DDD 20 65-125 0.05
4,4 -DDE 20 65-125 0.0
4,4 -DDT 20 65-125 0.05
Aldrin 20 65-125 0.05
alpha -BHC 20 65-125 0.05
beta -BHC 20 65-125 0.05
gamma -BHC 20 65-125 0.05
- delta -BHC ' 20 65-125 0.05
Dieldrin 20 65-125 0.05
Endosulfan | 20 65-125 0.05
Endosulfan I 20 65-125 0.05
Endosulfan sulfate 20 65-17 " 0.05
Endrin 20 65-12> 0.05
Endrin aldehyde 20 65-125 0.05
Heptachlor 20 65-125 0.05
Heptachlor epoxide - 20 65-125 0.05
PCB'S Soils and EPA 3550/8080 me/kg
Sediments
PCB 1016 20 65-125 300
PCB 1221 20 65-125 800
PCB 1232 20 65-125 300
PCB 1242 20 65-125 200
PCB 1248 20 65-125 200
PCB 1254 20 65-125 100
PCB 1260 20 65-125 100
4,4 -DDD 20 65-125 0.5
4,4 -DDE 20 65-125 0.5
4,4 .DDT 20 65-125 0.5
Aldrin 20 65-125 0.5
alpba -BHC 20 65-125 0.5
beta -BHC 20 65-125 0.5
gamma -BHC 20 65-125 0.5
delta -BHC 20 65-125 0.5
Dieldrin 20 65-125 0.5
Endosulfan | 20 65-125 0.5
Endosulfan I 20 65-125 0.5
Endosulfan sulfate 20 65-125 0.5
Endrin 20 65-125 0.5
Endrin aldehyde 20 65-125 0.5
Heptachlor 20 65-125 0.5
Heptachlor epoxide 20 65-125 0.5
Listed MDLs are from published EPA methods or based on historical TEQ data.
1. Refer 0 Section 11.2 for definiion of Precision.

2. Refer 10 Section 11.2 for definition of Accurscy, listed values from in-house data. Values also apply 10 surrogates.
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6.0 SAMPLING PROCEDURES

6.1 SAMPLE CONTAINERS, PRESERVATION, HOLDING

Sample collection activities will not be performed by TEG. TEG prepares sampling packages
consisting of appropriate containers with preservatives, coolers with ice, and chain-of-custody
records. Sampling guidance documents are posted and available for reference at the fixed-base
laboratory and mobile laboratories. Of key importance are procedures designed to reduce the
potential for cross contamination of samples and volatilization of purgeables. A list of sampling
containers and volumes, preservatives, and holding times is provided below in Table 6-1.

TABLE 6-1
CONTAINERS, PRESERVATION, AND HOLDING TIMES
PARAMETER MATRIX CONTAINER PRESERVATION HOLDING TIME
Organic Soil/Waste Glass Jar' 4°C 14 Days Until Extract.
Extractables Water 100mL 4°C
Glass Bottle 14 Days Until Extract.

(30 Days extractto Analysis)

Purgeables Soil/Waste Glass Jar' 4°C, 14 Days (ASAP)
(aromatics

and Water 2x40mL VOA®  4°C, HCP® 10 pH<2 14 Days (ASAP)
halocarbons)

1 Approximately 250mL capacity jar with Teflon®-lincd cap or drive-sample core tube with Teflon*-lined cap.
2 Volatile Organic Analysis Vials.
3 Reagent grade HCl is used for preservation.

6.2 CLEANING
Most of TEG’s glassware is of the disposable type and is not reused. For the small amount that

is reused, the following cleaning procedures are used:

wash with Alconox detergent and hot water;

rinse thoroughly with tap water;

rinse thoroughly with distilled water;

rinse with reagent grade purge-and-trap methanol (retain rinsate);

air dry;

visually inspect; and

analyze methanol rinsate for potential remnant contamination, as appropriate.
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6.3 WASTE DISPOSAL
TEG is classified as a conditionally-exempt small quantity generator of hazardous wastes

according to 40CFR Part 261. TEG generates less than 100 kg of hazardous waste per month.
This hazardous waste is composed mostly of analytical solvents which are stored in acceptable
containers and recycled by an approved facility.

Environmental samples analyzed by the laboratory are the property of the client, and in most
cases involving on-site analysis, the samples are retained at the site. Samples which are
analyzed at the laboratory are returned to the client with chain-of-custody report unless specific
arrangements are made for disposal. Samples retained by TEG are disposed of by a licensed

hazardous soil firm.
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7.0 SAMPLE CUSTODY PROCEDURES

7.1  SAMPLE CUSTODY OBJECTIVES .
The purpose of this section is to provide an outline of sample custody protocol. This protocol
is established for the purpose of providing traceability of samples and containers from point of
origin to final disposition of the samples and to identify parties responsible for handling and
transport of samples.

7.2 FIELD CUSTODY

TEG does not engage in field sampling services. Sampling is the responsibility of the consultant
or client. The chain of custody protoco! for the laboratory begins when sample containers are
released by the laboratory for the sampler’s use. If the client provides their own containers,
TEG’s chain-of-custody begins with sampling by the client. A TEG chain of custody record
(Figure 7-1) is prepared by the TEG field chemist and provided to the sampler with the
containers. A note regarding origin of sample containers is made under the "special instructions”
heading on the form. The TEG chain of custody record is a three-color triplicate form. The
bottom copy is retained by the sampler. The original (top) form and one copy are delivered to
the laborat: '+ with the samples. The completed original is then returned to the client with the
analytical report. A copy of the completed original is maintained in the project file by the
laboratory.

7.3 LABORATORY CUSTODY
Sample Receipt. Samples are received at TEG by the field chemist who is in charge of
documentation for the job. Sample receipt and verification protocol is as follows:

o note presence, absence, and condition of the shipping container tape and custody
seals;

o remove samples and documents from shipping vessel;

] organize samples by client ID numbers; and

® make notes regarding: temperature; breakage or opening; headspace in VOAs;

septa orientation; labeling.

Sample ILog-In. The following protocol is used for sample log-in;

o each batch of samples is assigned a project number;

o each sample is verified and matrix confirmed with the chain-of-custody record
(Chain of Custody Record, Figure 7-1.);

o completeness of chain-of-custody report is noted;

L each sample is assigned a unique laboratory identification number;

o notes regarding condition received, integrity, seals, preservation, and any

peculiarities are entered;

by
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° the Chain-of-Custody Report is signed, discrepancies noted, reasons for sample
rejection noted;
° the samples are then stored in a limited access area and stored on ice or
refrigerated, as appropriate; and : "
o samples are stored separately from standards, VOC samples are stored separately

from other samples and standards.

The chemist logging in the samples, is responsible for noting irregularities and rejection of
samples. Criteria for sample rejection include:

elevated temperature, if cooling necessary;
breakage or leakage;

evidence of seal tampering;

missing or duplicate samples;

incomplete chain of custody record;
missing labels;

lack of preservation;

insufficient sample for specified analyses;
improper sample containers; and
headspace in VOAs for VOC analysis.

Sample Security. Samples are stored in a limited access area of the mobile laboratory.
Samples requiring cooling are stored in a refrigerator.

Sample Distribution and Tracking. Samples are signed out from storage by the field chemist
or analyst. An Extraction Log (Figure 7-2) and an Analysis Log (Figure 7-3) are maintained
by the analyst. On completion of analysis, or taking an aliquot from the sample, the remaining
sample, and any excess extract or digest, is returned to storage.

Each form used in tracking and handling the sample requires time, date and initials or signature
of persons performing the work. In the TEG mobile laboratory setting, the same field chemist
is generally in charge of all phases of sample tracking from receipt to analysis. Although most
samples are analyzed within a few hours of receipt, it is the responsibility of the field chemist
to meet holding time constraints in the extraction and analysis of samples. Laboratory analytical
reports include dates and time of sampling, extraction, and analyses subject to review by the QA
Manager to assure that timing criteria have been achieved.

Samples and extracts are retained for 15 days following reporting, at which point they are
returned to the client, via chain-of-custody record, or disposed of in an approved manner
consistent with the nature of the sample. Longer storage may occur by prior arrangement with
the client. Sample - disposition is conducted in accordance with waste disposal guidelines
described in Section 6.3.
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Samples transferred to other laboratories are packaged at appropriate temperatures and shipped
with chain-of-custody record. The same information required in the above-listed protocol for
sample custody applies to samples and extracts shipped to other laboratories.

Document Control. TEG maintains a document control program to provide guidelines in
reducing the potential for document loss and mix-ups. The data generator (field chemist) is
responsible for initiating a file for each batch of samples on delivery to the laboratory. The
following procedures are implemented as part of the document control process:

®  ajob file is labeled with job number and client name;
° a Project / Report Checklist Form (Figure 7-4) is initialized in duplicate;
° on completion of each task, or at the end of each day, all paperwork and forms

generated for the project are transferred to the master file with the contents noted
on the inventory form;

° all magnetic computer media is to be backed up to a floppy disk which is stored
with the job file; and
® on completion of the project, the report preparer will close the file by verifying

all contents are present and sending the file on for signature.

7.4 ELECTRONIC DATA RECORDS

TEG uses microcomputers for data storage and reporting purposes. Initial chromatographic data
gathering is performed by integrators which print a chromatogram and report integration.
Parameters of integration are established for each analysis. It is the responsibility of the field
chemist to evaluate each chromatogram with regard to correct integration, peak identification,
and calibration. Verified numeric data from the chromatogram is then manually entered into a
spreadsheet on the microcomputer. A spreadsheet file is created from a generic starter file for
each project and analytical method. The spreadsheet data is saved on a floppy disk which is
stored in the job file.



Figure 7-1. Chain of Custody Record
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CHAIN-OF-CUSTODY RECORD
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SEALS INTACT? YININA

SAMPLE DISPOSAL INSTRUCTIONS
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Figure 7-2. Extraction Log

TIG EXTRACTION LCG

CLIENT: CLIZNT PRCJECT £
DATE: TEG #: : ANALYST/S:
LOCATION:
EPA Method: Matrix: Solvent: vathed:
§010/601 Water. Methylene C1) Hard Shake
8020/602 Soil - Carken $2 Con:. Lig/Lig
301s Sludge Hexane Scnicatien
<18.1 Cther Metnanol Soxnlet
Cther freon-1113 Cthner
ESTIMATED SPIXE INITIAL
SAMPLE 7 TIMZ CONCINTRATICH ALIQUCT SCLYENT
Hi Med Lo Unk ID Con Vol Gs =lis
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Figure 7-3. Analysis Logs
e TRANSELDBAL
2, EWIRONMEVTAL
EPA M ‘ 20 ANALY:
EPA METHOD 601,5010 AND 6025020 ANALYSES LOG G EOCHEMISTRY, INC.
TEG JOB#: CLIENT: CLIENTIC
DATE: ANALYST: INSTRUM.:
SAMPLE: ] ] | ; i i ] }
MATRIX: j i i ' ] :
RUN #: ! | ! | I i
|ANALYTE:  TIME: [ | | ' r 1 i
{1.i DICHLORCETHENE i | 0 | i ] | i | ]
AETHYLENE CHLORIDE 1} | ! ) : i i ] ] ]
.2 11ansDICHLOROETHENE i ] ] i ] : ] ] i
.1 DICHLOROETHANE ] } T i i ] | )
{CHLOROFORM | ! ] i i ] | |
|1.2 cisDICHLOROETHENE _} ! | | i ] : i i !
1.1 TRICHLOROETHANE 1 | : I ! — ] ! ] )
‘ARBON TETRACHLORIDE} ] i ] : ! ! 1 !
2DICHLOROETHANE i : | | ! } . | i
TRICHLOROETHENE 1 i : T i T ' !
[l.2 DICHLOROPROPANE __§ 0 i i : ! : ' !
ROMODICHLOROMETHA } ) ] I i } | }
'ICHLOROPROPENE ] i ! ! i i ! ! ]
.12 TRICHLOROETHANE ) i ! ] i ! i ; !
TETRACHLOROETHENE | | | ] : i } i
TETRACHLOROETHANE I ] ] | i 1 I
HLOROBENZENE | | | ! i | |
ENZENE \ ] ) ]
OLUENE f i | | ! !
ETHYLBENZENE T | i 1
M&P XYLENE 1 [ T [ i
+ XYLENE ] | [ R { 4
DTAL XYLENES [} ] 1 ] : i ! |
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Figure 7-3. Analysis Logs Continued

TRANSGLOBAL
EAVIRONMENTAL

EPA METHOD 6CS §050 AND PCB ANALYSES LOG
B EQOHEMISTRY. IAC. |

TEGSOB¥: CLIENT: CLIENTJOB#

DATE: AN, .ST: INSTRUM.:

SAMPLE:
MATRIX:
RUN #:
caYTE: TIME:

a-BHC

=ma-BHC

ACHLOR

IN

s ~HC

A-BHC

PTACHLOR EPOXIDE
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~DDD

ISULFAN 11

2T
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— || =] =] === |- ]~ | =}~
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Figure 7-3. Analysis Logs Continued
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__ofr_ TEIG ANALYSIS LCG TRFH
EPA 413.1
CLIENT: CLIZINT PROJSECT #:
DATE: TG ¢ ANALYST/S:
LOCATION:
CCNDITIONS: INSTRUMENT: 3UCKX IR
EQTNS: Hi > Lo <
SAMPLE # TIME RN ARS DIL cric CCYMINTS




Figure 7-3. Analysis Logs Continued

ZG ANALYSIS LCG

FID #: __

___of
ZPA 3015
CLIZINT: CLIENT PRCJEZCT #:
DATE Iz .i: ANALYST/S:
LCCATION:
CCHDITICHS: INSTRUMENT: SHIMADZU GC1liA
Gas Factor: Diesel rFactor:
GAS GAS DIZSEL DIESEL
SAMPLE # TIME RUM VOL  AREZA cone AREA cone COMMENT
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Figure 7-3. Analysis Logs Continued
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Figure 7-4. Project / Report Checklist Form
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8.0 e
ANALYTICAL PROCEDURES 187266

8.1 METHOD REFERENCES :
The analytical methods used at TEG are based on procedures in the following references:

L U.S. EPA Document SW-846, Test Methods for Evaluating Solid Waste, Third
Edition, November, 1986, and Draft Revision 1, December 1987;

° U.S. EPA Document 600/4-79-020, Methods for Chemical Analysis of Water
and Wastes, March 1983;

L U.S. Code of Federal Regulations 40, Protection of Environment, Part 136,
Guidelines Establishing Test Procedures for the Analysis of Pollutants, July 1,
1989;

° U.S. Code of Federal Regulations 40, Protection of Environment, Part 141,
National Primary Drinking Water Regulations, July 1, 1989; and

L California State Water Resources Control Board, Division of Water

Quality, Leaking Underground Fuel Tank Field Manual, December 17, 1987.

This section of the document provides an outline of the analytical methods referenced in Table
5-1. Data packages generated by TEG for certification of EPA methods are available upon
request. |

8.2 EPA METHODS 60! and 8010

Introduction. The purpose of this procedure is to describe the GC method for determination of
purgeable halogenated hydrocarbons in soils, solid wastes, and waters using the Hall Detector.
Details of the method are found in EPA Document SW-846. Presented below is an overview
of the method in terms of calibration, operating conditions, compound identification, and
calculations. This method can be modified to include analysis of EDB with an electron capture
detector in accordance with the requirements of certain states.

Calibration. Calibration may be accomplished by either internal or external standard techniques.
Standards are prepared at five concentrations spanning the linear range of the instrument. The
standards are then analyzed and the response factor evaluated for linearity. If linearity is not
achieved a second set of analyses is run. If linearity is still not achieved, a second set of
standards is prepared and the process repeated. Linearity is acceptable when response factor
values are within 15% standard deviation for internal standard calculations or if the mean
residual from the linear regression is within 15%.

Water Sample Preparation. For aqueous samples, a SmL aliquot is generated and spiked with
internal standards and (or) surrogates in a gas tight syringe. Purge and Trap operation is
performed in general accordance with EPA method 5030. The sample is purged for eight
minutes at a flow rate of 30mL per minute.
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Soils and Solid Wastes. A solvent extraction is first performed using methanol. The
methanolic extraction is achieved by placing ten grams of the soil sample into a 40mL VOA

(volatile organic analysis) vial, adding 10uL of surrogate soil spike (1000ng/uL in methanol),
and 10mL of reagent purge-and-trap grade methanol. The VOA is then hand shaken for two
minutes and placed in a water-bath sonicator for ten minutes. Depending on anticipated
concentration, 10 to SOuL of the extract is then added to SmL of volatile free water in the purge
and trap or 3ul of the extract is directly injected into the gas chromatograph.

Purge and Trap Conditions.

Instrument: Tekmar LSC 2000
Purge flow: 20mL/min to 30mL/min
Purge time: 8 minutes

Dry purge time: 8 minutes

Desorb time: 3 minutes

Desorb temperature: 275 degrees C

Bake time: 10 minutes

Bake temperature:

Gas Curomatography.

Instrument:
Column:

Carrier flow:
Detector:

Detector temperature:
Injector temperatures:

Column oven:

290 degrees C

Gas Chromatograph

50 to 100 meter by 0.053mm, RT 502.2, megabore
capillary.

Helium at 15mL/min.

Electrolytic Conductivity detector.

225 degrees C

175 degrees C

45 degrees C for 2 minutes

45 to 200 degrees C at 5/minute

Standard Preparations. Primary 8010 standards at 100mg/L (ppm)in methanol are purchased

from a certified supplier.
Secondary Standards (Ing/uL): dilute primary standard by 100 times (100uL to 10mL).

Water Matrix _Spikes. For lug/L (1 ppb) water concentration, add SuL of Ing/uL (ppm)
secondary 601 standard to SmL of water (1,000 times dilution).

Soil Matrix Spikes. For Img/kg (1 ppm) soil concentration, add 100uL of 100 ng/uL primary
standard to ten grams of soil.

Typically, the following 10 compounds are quantified on matrix spikes covering early, middle,
and late eluters: methylene chloride, 1,2-dichloroethane, 1,1-dichloroethane, chloroform,
1,1,1-trichloroethane, carbon tetrachloride, trichloroethylene, 1,1,2-trichloroethane,
tetrachloroethylene, and tetrachloroethane. Other compounds are used depending upon the target
compounds executed.
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Calculations of Sample Concentrations.

Water Samples

Concentration (ug/L) = [(Ax * A)/(As * Vs)] *D |

Soil Samples
Concentration (ng/g) = [(Ax * A * Vt * D)/(As * Vi * W)]. Where:

Ax is the area counts for the sample - method blank
A 1s the amount of standard injected (ng)

As is area counts for the standard

Vi is the volume of extract injected (uL)

D is the dilution factor on the sample

Vit is the volume of total extract (uL)

Vs is the volume of water extracted (mL)

w is the weight of soil extracted (g)

For the standard procedures employed by TEG, these equations reduce to:
Water Samples: Conc (ug/L; ppb) = measured mass (ng)/5

Compound Identification. This method is used to identify and quantify the analytes listed in
Table 5-1.

8.3 EPA METHODS 602 and 8020

Introduction. The purpose of this procedure is to describe the GC method for determination of
volatile aromatic hydrocarbons in soils, solid wastes, and waters using a photoionization
detector. Details of the method are found in EPA Document SW-846. Presented below is an
overview of the method in terms of calibration, operating conditions, compound identification,
and calculations. This method can be modified to include Methyl tert-Butyl Ether (MTBE) in
accordance with the requirements of certain states.

Calibration. Calibration may be accomplished by either internal or external standard techniques.
Standards are prepared at five concentrations spanning the linear range of the instrument. The
standards are then analyzed and the response factor evaluated for linearity. If linearity is not
achieved a second set of analyses is run. If linearity is still not achieved, a second set of
standards is prepared and the process repeated. Linearity is acceptable when response factor
values are within 15% standard deviation for internal standard calculations or if the mean
residual from the linear regression is within 15%.
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Sample Preparation

Water Samples A 5mL aliquot of water is spiked with Sul of 1 ng/uL surrogate standard
(chlorobenzene) and extracted by purge and trap.

Soil Samples 10 grams of soil are weighed to the nearest 0.1 gram and placed into a clean VOA
vial with 10mL of purge and trap grade methanol or freon-113. The VOA vial is shaken for 2
minutes, placed into a water bath and sonicated for 10 minutes. After sonication, the slurry is
allowed to settle and 10 to S50uL of solvent are withdrawn, added to SmL of water, and extracted
by purge and trap or 3ul of the extract is directly injected into the gas chromatograph.

Purge and Trap Conditions.

Instrument: Tekmar LSC 2000
Purge flow: 20mL/min to 30mL/min
Purge time: 8 minutes

Dry purge time: 8 minutes

Desorb time: 3 minutes

Desorb temperature: 275 degrees C

Bake time: 10 minutes

Bake temperature:

Gas Chromatography.

Instrument:
Column;

Carrier flow:
Detector:

Detector temperature:
Injector temperatures:

Column oven:

290 degrees C

Gas Chromatograph '

30 meter by 0.053mm , DB-1 or DB-5, megabore
capillary.

Helium at 15SmL/min.

Photoionization detector.

225 degrees C

175 degrees C

45 degrees C for 4 minutes

45 to 175 degrees C at 10/minute

Standard Preparations. Primary 8020 standards at 100mg/L (ppm)in methanol are purchased
from a certified supplier.
Secondary Standards (1ng/uL): dilute primary standard by 100 times (100uL to 10mL).

Water Matrix_ Spikes. For lug/L (1 ppb) water concentration, add 5uL of lng/uL (ppm)
secondary 602 standard to SmL of water (1,000 times dilution).

Soil Matrix Spikes. For Img/kg (1 ppm) soil concentration, add 100uL of 100 ng/uL primary
standard to ten grams of soil.

Matrix spikes consist of the following compounds: benzene, toluene, chlorobenzene,
ethylbenzene, m-xylene, o-xylene, and p-xylene. ’
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Calculations of Sample Concentrations.
Water Sampl

Concentration (ug/L) = [(Ax * A)/(As * Vs)] *D .
il Sampl
Concentration (ng/g) = [(Ax * A * Vt * D)/(As * Vi * W)]. Where:

Ax is the area counts for the sample - method blank
A is the amount of standard injected (ng)

As is area counts for the standard

Vi is the volume of extract injected (uL)

D is the dilution factor on the sample

Vt is the volume of total extract (uL)

Vs is the volume of water extracted (mL)

w is the weight of soil extracted (g)

For the standard procedures employed by TEG, these equations reduce to:
Water Samples: Conc (ug/L; ppb) = measured mass (ng)/5
Soil Samples: Conc (mg/kg; ppm) = measured mass (ng)/Vi

Compound Identification. This method is used to identify and quantify the analytes listed in
Table 5-1.

8.4 EPA METHOD 8015 TPH

Introduction. The purpose of this procedure is to describe the GC method for determination of
Total Petroleum Hydrocarbons (TPH) in soils, solid wastes, and waters using a flame ionization
detector. Details of the method are found in EPA Document SW-846 and the California LUFT
Manual. The method is applicable to determination of gasoline, diesel, and other volatile and
semi-volatile fuels in water, soils, and wastes. This method is approved by California
Department of Health Services as a quantitative method for the determination of total fuels

content.

Calibration. Calibration is accomplished by using external standard techniques. Standards are
prepared at three concentrations spanning the linear range of the instrument. Standards
composed of the anticipated fuel product to be analyzed are used for the calibration. The
standards are then analyzed and the response factor evaluated for linearity. If linearity is not
achieved a second set of analyses is run. If linearity is still not achieved, a second set of
standards is prepared and the process repeated. Linearity is acceptable when response factor
values are within 15% standard deviation for internal standard calculations or if the mean
residual from the linear regression is within 15%.
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Sample Preparation and Extraction
Water Samples. A 33mL aliquot of water is extracted with ImL of solvent by shaking

vigorously for 5 minutes in a clean 40mL VOA vial. The mixture is allowed to settle and 3uL
of solvent are withdrawn and injected into the gas chromatograph.

Soil Samples. 10 grams of soil are weighed to the nearest 0.1 gram and placed into a clean
VOA vial with 10mL of solvent and NaSO4. The VOA vial is shaken for 2 minutes, and
sonicated for 10 minutes. After sonification, the slurry is allowed to settle and 3uL of solvent
are withdrawn and injected into the gas chromatograph.

Gas Chromatography.

Instrument: Gas Chromatograph with FID

Column: 30 meter by 0.053, DB-1, megabore capillary.
Carrier flow: Helium at 15mL/min.

Injector temperature: 175 degrees C

Detector temperatures: 225 degrees C

Column oven: 45 degrees C for 4 minutes,

45 to 205 degrees C at 10/min,
Hold at 205 degrees C for 10 minutes.

Standard Preparation.

Substock Calibration Standards (in trichlorotrifluoroethane)
Low calibration standard (20 ng/uL): add 0.25uL gasoline to 10mL solvent.
Mid calibration standard (200 ng/uL): add 2.5uL gasoline to 10ml solvent.
High calibration standard (2000 ng/uL): add 25uL gasoline to 10mL solvent.

Low calibration standard (50 ng/ul.): add 0.55uL diesel to 10mL solvent.
Mid calibration standard (500 ng/ul): add 5.5uL diesel to 10ml solvent.
High calibration standard (5000 ng/uL): add SS5uL diesel to 10mL solvent.

Soil Matrix Spikes
Gasoline: add 2.5uL pure gasoline to 10 grams soil = 200mg/kg (ppm)
Diesel: add 5.5uL pure diesel to 10 grams soil = S00mg/kg (ppm)

Water Matrix Spikes. For 2mg/L (1 ppm) water concentration, dilute substock standards by 100
times.

Calibrations of Sample Concentrations

Water Samples
Conc (ug/L) = (Ax * A * Vt * D)/(As * Vi * Vs)
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Soil Samples
Conc (ng/g) = (Ax * A * Vt * D)/(As * Vi * W)

Where: .
Ax is the area counts for the sample - method blank
A is the amount of standard injected (ng)

As is area counts for the standard

Vi is the volume of extract injected (ul)

D is the dilution factor on the sample

Vit is the volume of total extract (ul)

Vs is the volume of water extracted (mL)

w is the weight of soil extracted (g)

8.5 EPA METHOD 418.1

Introduction. The purpose of this procedure is to describe the method for determination of Total
Recoverable Petroleum Hydrocarbons (TRPH) in soils, solid wastes, and waters using an
infrared spectrometer. Details of the method are found in EPA Document SW-846. The method
is applicable to determination of petroleum hydrocarbons in water, soils, and wastes. This
method is approved by EPA as a quantitative method for the .ztermination of total fuels content.

Calibration. Calibration for the method is accomplished by using external standard techniques.
Standards are prepared at three concentrations spanning the linear range of the instrument.
Standards composed of the anticipated fuel product to be analyzed are used for the calibration.
The standards are then analyzed and the response factor evaluated for linearity. If linearity is
not achieved a second set of analyses is run. If linearity is still not achieved, a second set of
standards is prepared and the process repeated. Linearity is acceptable when response factor
values are within 15% standard deviation for internal standard calculations or if the mean
residual from the linear regression is within 15%.

Sample Preparation and Extraction

Water Samples. A 33mL aliquot of water is extracted with 3mL of solvent by shaking
vigorously for 5 minutes in a clean 40mL VOA vial. The mixture is allowed to settle and 2m]
of solvent are withdrawn and analyzed on the Infrared Spectrometer.

Soil Samples. 10 grams of soil are weighed to the nearest 0.1 gram and placed into a clean
VOA vial with 10mL of solvent and NaSO4. The VOA vial is shaken for 2 minutes, and
sonicated for 10 minutes. After sonification, the slurry is allowed to settle and 2ml of solvent
are withdrawn and analyzed on the Infrared Spectrometer.

187272
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Equipment.
Instrument: Buck Scientific HC-404

Standard Preparation

Substock Calibration Standards (in trichlorotrifluoroethane)
Low calibration standard (50ng/uL): add .55uL diesel or oil to 16mL solvent.
Mid calibration standard (500ng/uL): add 5.5uL diesel or oil to 10ml solvent.
High calibration standard (5000ng/uL): add 55uL diesel or oil to 10mL solvent.

Soil Matrix Spikes Add 5.5uL pure diesel or oil to 10 grams soil = 500mg/kg (ppm)

Water Matrix Spikes For 5mg/L (5 ppm) water concentration, dilute 500 ppm substock
standards by 100 times.

Calculations of Sample Concentrations

Water Samples
Conc (ug/L) = (Ax * A * Vt * D)/(As * Vi * Vs)

Soil Samples
Conc (ng/g) = (Ax * A * Vt * D)/(As * Vi * W)

Where:
Ax s the area counts for the sample - method blank
A is the amount of standard injected (ng)
As is area counts for the standard
Vi is the volume of extract injected (uL)
D is the dilution factor on the sample
Vit is the volume of total extract (uL)
Vs is the volume of water extracted (mL)
w is the weight of soil extracted (g)

8.6 EPA METHOD 610/8100

Introduction. This method can be used in determining the concentration of PAH’s present in
soil and water samples. This procedure involves extracting the PAH's from a 10 gram sample
of soil or a 30 gram sample of water using freon. The extract is then analyzed by gas
chromatography using an flame ionization detector. The detection limits for each PAH using
this procedure are listed in Table 5-1.
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Calibration. Calibration may be accomplished by either internal or external standard techniques.
Standards are prepared at three or five concentrations spanning the linear range of the
instrument. The standards are then analyzed and the response factor evaluated for linearity. If
linearity is not achieved a second set of analyses is run. _If linearity is still not achieved, a
second set of standards is prepared and the process repeated. Linearity is acceptable when
response factor values are within 15% standard deviation for internal standard calculations or
if the mean residual from the linear regression is within 15%.

Apparatus and Reagents

Freon - gas chromatographic grade

Sodium sulfate - anhydrous

10 N Sodium hydroxide solution

PAH stock solutions - 2000 ppm in methylene chloride.

Surrogate spiking solution - 1000 ppm of 2-Fluorobiphenyl in 2-propanol.
Silica gel cartridges prepared with activated 100/200 mesh silica gel.

VOA vials - 40mL glass w/polyethylene screw caps.

Shimadzu 14A GC with an flame ionization detector using a PTE-5 QTM, 15
m.er, 0.53 mm diameter column, 0.5 um film and Helium as carrier gas.

Injection port temp - 250 degrees C

Detector temp - 300 degrees C

Column temp - 75 degrees C/2 min. to 300 degrees C at 12/min
3 ul injection for analysis

Sample Preparation. Tare a 37.5ml VOA vial on a top loading balance and transfer 10 gram
+/- .1 gram of soil sample in the vial. Add enough anhydrous sodium sulfate to vial until the
soil becomes free flowing. Spike the soil sample by adding 10 ul of the surrogate spiking
solution directly into the soil. Add 10ml of freon and cap vial. Shake sample well for 2
minutes and then sonicate for 10 minutes. Sample can now be analyzed by direct injection into

the gas chromatograph.

For water samples, place 30.0 grams of water to be analyzed in a voa vial. Add enough
base to water to bring pH to above 11. Spike the water sample by adding 3 ul of the
surrogate spiking solution directly into the water. Transfer 2mls of freon to vial, cap and
shake vigorously for 5 minutes. The freon layer (bottom) can now be analyzed directly.
Results must be divided by 15 due to the concentration factor of the extraction procedure.

If any extract requires cleanup procedure, transfer 1-2ml of the extract through a silica
gel column that has been prewashed with 2-3ml of freon. Discard the first 0.5mL of
the extract that elutes from the cartridge, then collect the remaining fraction in a VOA
vial. The extract is now ready for analysis by direct injection into the gas
chromatograph.
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QA/QC Analyses. At the beginning of every 12 hour shift a continuing calibration is to be run
to verify that the calibration is still valid. The recommended concentration of this standard is
1 ppm of each component. The determined concentration of each PAH must be within 80% to
120% for the calibration to be considered valid. If these limits are not met a 4 point calibration
is to be performed to reestablish calibration. The standard concentrations that are recommended
are 0.5, 2.0, 5.0 and 10.0 ppm for both water and soil analysis.

For each set of sample analyses, 4 method blank is to be analyzed. A method blank consists of
the anhydrous sodium sulfate shaken with 10ml of freon in a VOA vial. If sample cleanup was
performed on any of the samples analyzed, a method blank must be analyzed in which the
method blank was passed through a prepared silica gel column.

After each 10 samples are analyzed, a PAH matrix spike and matrix spike duplicate are to be
extracted and analyzed. The recommended concentration to spike soil samples is 1 ppm. This
is performed by spiking 10 +/- .1 gram of a soil sample with 15 ul of the 2000 ppm PAH stock
solution. The recommended concentration to spike water samples is .2 ppm. This is performed
by spiking 30 +/- .1 gram of a water sample with 3 ul of the 2000 ppm PAH stock solution.
The spiked sample is then extracted according to the procedure outlined above. After analysis
of the matrix spike and matrix spike duplicate, the percent recovery is to be determined as
followed:

% Recovery = Conc. determined X 100
Conc. Spiked

The acceptable % recovery limits are 65% to 125%. In addition to determining the percent
recovery, the % RPD is to be determined and reported. To calculate the % RPD use the
following calculation:

% RPD = %RCCMS - %ReCMSD

(%Recys + %Recysp,/2)

This value is to be reported along with the % Recovery of the matrix spike and matrix spike
duplicate.

8.7 EPA METHOD 608/8080

Introduction. This method can be used in determining the concentration of pesticides and PCB’s
present in soil and water samples. This procedure involves extracting the pesticides and PCB's
from a 10 gram sample of soil or a 30 gram sample of water using hexane. The extract is then
analyzed by gas chromatography using an electron capture detector. The detection limits for each
pesticide and PCB using this procedure are listed below.

)
§

N
L

“



Section 8
Revision 1
Date 1/1/93
Page 11 of 16

Calibration. Calibration may be accomplished by either internal or external standard techniques.
Standards are prepared at three or five concentrations spanning the linear range of the
instrument. The standards are then analyzed and the response factor evaluated for linearity. If
linearity is not achieved a second set of analyses is run. If linearity is still not achieved, a
second set of standards is prepared and the process repeated. Linearity is acceptable when
response factor values are within 15% standard deviation for internal standard calculations or
if the mean residual from the linear regression is within 15%.

Apparatus and Reagents.

Hexane - pesticide grade

Sodium suifate - anhydrous

PCB stock solutions - 200 ppm in methanol

Pesticide stock solution 20 ppm and 2 ppm in methanol

Surrogate spiking solution - 100 ppm Dibutylchlorendate in methanol.

Florisil cartridges - Supelco LC-SI 6ml tubes

VOA vials - 40mL glass w/polyethylene screw caps.

Shimadzu 14A GC with an electron capture detector using a Rtx-5, 30 meter,
0.53 mm diameter column with 1.5 um coating thickness. Confirmation column
for pesticides is a DB-17, 30 meter, 0.53 mm diameter column with 0.5 um
coating thickness.

Injection port temp - 300 degrees C

Detector temp - 300 degrees C

Column temp - 150 degrees C /3 min to 290 degrees C at 4/min
3 ul injection for analysis

Nitrogen for carrier gas

Sample Preparation. Tare a 40mL VOA vial on a top loading balance and transfer 10 gram +/-
.1 gram of soil sample in the vial. Add enough anhydrous sodium sulfate to vial until the soil
becomes free flowing. Spike soil with 10 ul of the surrogate spiking solution. Add 10ml of
hexane and cap vial. Shake sample well for 2 minutes and then sonicate for 10 minutes.
Sample can now analyzed by direct injection into the gas chromatograph.

For water samples, place 30.0 grams of water to be analyzed in a voa vial. Spike sample with
3 ul of surrogate spiking solution. Transfer 2mls of hexane to vial, cap and shake vigorously
for S minutes. The hexane layer (top) can now be transferred to a vial for cleanup or analyzed
directly. Results must be divided by 15 due to the concentration factor of the extraction
procedure.

If sample requires cleanup procedure, transfer 1-3ml of extract to a Supelco cleanup cartridge
that has been pre-rinsed with 2-ml hexane. Discard the first 0.5ml of extract that elutes from
the cartridge and then collect the remaining fraction in a small vial. The extract is now ready
for analysis by direct injection into the gas chromatograph.
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QA/QC Analyses. For each set of sample analyses, a method blank is to be analyzed. A
method blank consists of the anhydrous sodium sulfate shaken with 10ml of hexane and spiked
with 10 ul of surrogate spiking solution in a VOA vial. If sample cleanup was performed on
any of the samples analyzed, a method blank must also be analyzed in which the method blank
was passed through a Supelco Florisil cartridge prior to analysis.

For pesticide analysis a 25 ppb standard is to be analyzed to confirm the calibration curve at the
beginning of each 12 hour shift. The measured concentration for each pesticide must be within
80% - 120% of the true value for the calibration to be considered still valid. If the calibration
is determined not to be valid, a 4-point calibration is to be performed using the followmg
pesticide concentrations, 5.0, 10.0, 25.0 and 50.0 ppb.

After each 10 samples are analyzed, a pesticide/PCB matrix spike and matrix spike duplicate are
to be extracted and analyzed. If any samples were found with PCB’s present, the PCB used in
spiking should be the type that is in the samples. For soils the recommended spiking
concentration is | ppm for PCB’s and 20 ppb for pesticides. This is performed by spiking 10
+/- .1 gram of sample with 50ul of 200 ppm PCB stock in methanol, or with 10ul of the 20
ppm pesticide stock solution. The spiked sample is then mixed well with 10ml of hexane for
2 minutes and then sonicated for 10 minutes. For waters the recommended spiking
concentration is .1 ppm for PCB’s and 2 ppb for pesticides. This is performed by spiking 30
+/- .1 gram of sample with 15 ul of 200 ppm PCB stock or with 10 ul of the 2 ppm pesticide
stock solution. The spiked sample is then mixed well with 2ml of hexane for 5 minutes. After
analysis of the matrix spike and matrix spike duplicate, the percent recovery is to be determined
as follows:

% Recovery = Conc. determined X 100
Conc. Spiked

The acceptable % recovery limits are 65% to 125%. In addition to determining the percent
recovery, the % RPD is to be determined and reported. To calculate the % RPD use the

following calculation:

% RPD = % Recys - %Recysp

(%Recys + %Recysp)/2)

This value is to be reported along with the % Recovery of the matrix spike and matrix spike
duplicate.

187277



Section 8
Revision 1
Date 1/1/93
Page 13 of 16

Data Evaluation and Pesticide/PCB Quantitation. For pesticide analysis, dual columns are

to be used, one for quantitation (Rtx-5) and the other (DB-17) for confirmation. Upon reviewing

the data obtained from the quantitation column, any "hits” obtained on this column must be

confirmed on the other column before the result is accepted as a true hit. The quantitation
values must also be within 1 to 10 times of each other for the confirmation to be considered

valid.

The first step in PCB analysis is to identify the type(s) of PCB present in the sample analyzed,
if any. Each of the PCB’s have a characteristic chromatogram fingerprint that can be used to
identify them. Some of the PCB’s have peaks appearing at the same retention time but the
integrated area of these peaks relative to other peaks is different. The analyst must become
experienced in using these relative peak ratios in the identification of the PCB. The use of
transparent overlays prepared of each PCB type is used by TEG chemists and is very useful for
identification purposes. Caution must still be used, however, when analyzing samples that have
more than one type of PCB present.

Once the PCB type has been identified the 1 ppm standard of that specific PCB is to be analyzed
to confirm the identification of the PCB. After the standard has been run, quantitatior ~an then
be performed. If the sample if free from other contaminants, the total area of the PCL inay be
used. A ratio of the total peak area of the PCB in the sample can then be made to that of the
1 ppm PCB standard to calculate the total PCB present in the sample. For example, if a sample
has PCB 1254 present and the analysis resulted in a total area count of 5680, the concentration
of this PCB can be calculated as follows:

Total area PCB 1254 | ppm standard = 4850.63

1 ppm = X
4850.63 5680

This ratio calculates "X" as the concentration of PCB 1254 in the sample to be
1.17 ppm.

If there are other contaminants present in the soil sample, which happens in most cases, the
concentration of PCB present is to be calculated using the total area of a minimum of 3 peaks
that have been used to identify the PCB. The total area of these peaks is then compared to the
total area of these same peaks of the | ppm PCB standard and the concentration of the PCB
calculated as indicated above.

The recommended peaks to use for each of the PCB’s and their retention times are listed below.
Most of the PCB’s have only three peaks listed. For those PCB’s which are more difficult to
identify, there are more times listed.
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PCB PEAK RETENTION TIMES 1 &72'79

TYPE {minutes)

1016 10.4, 11.1, 12.4

1221 5.02, 7.90, 8.58

1232 8.55, 10.33, 12.26

1242 10.4, 11.1, 12.4, 20.86, 22.11
1248 12.3, 16.7, 17.55

1254 20.88, 21.98, 23.25

1260 " 21.85, 23.10, 26.2

8.8 EPA METHOD 604/8040

Introduction. This method can be used in determining the concentration of Phenol’s present in
soil and water samples. This procedure involves extracting the Phenol’s from a 10 gram sample
" of soil or a 30 gram sample of water using freon. The extract is then analyzed by gas
chromatography using an flame ionization detector. The detection limits for each Phenol using
this procedure are listed below.

Calibration. Calibration may be accomplished by either internal ur external standard techniques.
Standards are prepared at three or five concentrations spanning the linear range of the
instrument. The standards are then analyzed and the response factor evaluated for linearity. If
linearity is not achieved a second set of analyses is run. If linearity is still not achieved, a
second set of standards is prepared and the process repeated. Linearity is acceptable when
response factor values are within 15% standard deviation for internal standard calculations or
if the mean residual from the linear regression is within 15%.

Apparatus and Reagents.

Freon - gas chromatographic grade

Sodium sulfate - anhydrous

5 N Sulfuric acid solution :

Phenol stock solutions - 2000 ppm in 2-propanol or other suitable solvent.
Surrogate spiking solution - 1000 ppm of 2-Fluorophenol in 2-propanol.

Silica gel cartridges prepared with activated 100/200 mesh silica gel.

VOA vials - 40mL glass w/polyethylene screw caps.

Shimadzu 14A GC with an flame ionization detector using a PTE-5 QTM, 15
meter, 0.53 mm diameter & 0.5 um film column and Helium as carrier gas.

Injection port temp - 175 degrees C

Detector temp - 225 degrees C

Column temp - 65 degrees C/3 min. to 185 degrees C at 10/min
3 ul injection for analysis
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Sample Preparation. Tare a 40mL VOA vial on a top loading balance and transfer 10 gram +/-
.1 gram of soil sample in the vial. Add enough anhydrous sodium sulfate to vial until the soil
becomes free flowing. Spike the soil sample by adding 10 ul of the surrogate spiking solution
directly into the soil. Add 10ml of freon and cap vial. Shake sample well for 2 minutes and
then sonicate for 10 minutes.

Sample can now analyzed by direct injection into the gas chromatograph.

For water samples, place 30.0 grams of water to be analyzed in a voa vial. Add enough acid to
water to bring pH to below 2. Spike the water sample by adding 3 ul of the surrogate spiking
solution directly into the water. Transfer 2mls of freon to vial, cap and shake vigorously for
5 minutes. The freon layer (bottom) can now be analyzed directly. Results must be divided by
15 due to the concentration factor of the extraction procedure.

If any extract requires cleanup procedure, transfer 1-2ml of the extract through a silica gel
column that has been prewashed with 2-3ml of freon. Discard the first 0.5ml of the extract that
elutes from the cartridge, then collect the remaining fraction in a VOA vial. The extract is now
ready for analysis by direct injection into ‘e gas chromatograph.

OA/QC Analyses. At the beginning of every 12 hour shift a continuing calibration is be run
to verify that the calibration is still valid. The recommended concentration of this standard is
1 ppm of each component. The determined concentration of each phenol must be within 80%
to 120% for the calibration to be considered valid. If these limits are not met a 4 point
calibration is to be performed to reestablish calibration. The standard concentrations that are
recommended are 0.1, 0.50, 1.00, and 10.0 ppm for both water and soil analysis.

For each set of sample analyses, a method blank is to be analyzed. A method blank consists of
the anhydrous sodium sulfate shaken with 10ml of freon in a VOA vial. If sample cleanup was
performed on any of the samples analyzed, a method blank must be analyzed in which the
method blank was passed through a prepared silica gel column.

After each 10 samples are analyzed, a Phenol matrix spike and matrix spike duplicate are to be
extracted and analyzed. The recommended concentration to spike soil samples is | ppm. This
is performed by spiking 10 +/- .1 gram of a soil sample with 15 ul of the 2000 ppm phenol
stock solution. The recommended concentration to spike water samples is .2 ppm. This is
performed by spiking 30 +/- .1 gram of a water sample with 3 ul of the 2000 ppm phenol stock
solution. The spiked sample is then extracted according to the procedure outlined above. After
analysis of the matrix spike and matrix spike duplicate, the percent recovery is to be determined
as follows:
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% Recovery = Conc, determined X 100

Conc. Spiked 187281

The acceptable % recovery limits are 65% to 125%. In addition to determining the
percent recovery, the % RPD is to be determined and reported. To calculate the % RPD
use the following calculation: '

% RPD =

%Recys - BRecysp

(%Recys + BRecysp,/2)

This value is to be reported along with the % Recovery of the matrix spike and matrix

spike duplicate.

8.9 REAGENT STORAGE

Reagents used in analysis are stored as described in Table 8-1.

Chemical

Methanol;
Freon-113:
Neat Standards:

Working Standards:
Working Standards:

TABLE 8-1.

REAGENT AND STANDARD STORAGE

Method of Storage

In cabinet separate from other solvents

In cabinet separate from other solvents

Refrigerator away from samples

Methanol standards in refrigerator away from samples
F113 standards in separate refrigerator

Reagent bottles are labeled with the date received, date opened, and recorded on a solvent and

standard log sheet.
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9.0 CALIBRATION PROCEDURES AND FREQUENCY 187282

9.1 INSTRUMENTATION LIST |
A list of TEG’s primary instrumentation and applicable methodology is summarized below in

Table 9-1.

TABLE 9-1
INSTRUMENTATION LIST

INSTRUMENT DETECTORS METHOD

Gas Chromatograph FID, PID, Hall, ECD 8010, 8020, 8015, 8100, 8080
Buck HC-404 IR 418.1

Tekmar LSC 2000 Purge and Trap 5030

0" STANDARD RECEIPT AND TRACEABILITY

Swndards and solvents used in the preparation of substocks and analyses are recorded on receipt
in the TEG Standard and Solvent Log-in Form, Figure 9-1. Bottles are labeled with the date
received and opened. Each standard and solvent is "blank” tested for impurities prior to usage
and periodically before each substock or working standard is prepared. Each type of solvent
used by TEG is stored in a cabinet separate from the others. Each analytical group (and matrix)
of standards is stored in refrigerators separate from other standards. Neat standards are
similarly kept in separate, respective refrigerator compartments. Additional storage information
is presented in Section 8.9.

9.3 STANDARD SOURCES AND PREPARATION
Preparation of standards and substocks is recorded on the Standard Preparation Log, Figure 9-2,
according to procedures listed in the analytical methods, (Section 8).



Figure 9-1. Solvent and Standard Log-in Form
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Figure 9-2. Standard Preparation Log
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9.4
INSTRUMENTATION CALIBRATION

9.4.1 Instrument Group Calibration
Table 9-2 has been prepared to summarize specific routine calibration procedures for each

instrument group.

9.4.2 Initial Calibration and Linearity

Calibration standards are prepared for three to five concentration levels depending upon the
method for use in determining the linearity of the system. The linearity of the response to
concentration is assessed over the working range of the standards which are prepared for each
analyte. A low level standard is prepared at or near the method detection limit. The medium
and high level standards are prepared to correspond with the range of concentrations anticipated
in the working samples and within the range of the detector. A solvent blank is run prior to the
initial calibration runs in order to provide information regarding system cleanliness.

If the relative standard deviation of the linearity data is less than fifteen percent (15%), linearity
is assumed and the average response factor, as defined by the slope of the respr se curve, is
used in calculating concentration of unknown samples. If the relative standard deviation is
greater than fifteen percent (15%), a calibration curve is prepared for each compound and the
response factor for each sample is determined directly from the calibration curve. All
calibration procedures and results are entered into the logbook for the instrument (see Instrument
Initial Calibration Log, Figure 9-3, and Continuing Calibration Form, Figure 9-4).
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Figure 9-3. Instrument Initial Calibration Log
CALIBRATION LOG
DATE: ANALYST: INSTRUMENT:
ANALYTE FINAL CONC. | ABSORB. PEAK CONC.OF | VOL.OF FINAL SOLVENT
PPM AREA STE. USED | STK. USED VOLUME USED

CORRELATION:

X COEFFICIENT:

STD. ERROR:




Figure 9-4. Continuing Calibration Form
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9.4.3

QC Check Standards
On completion of the initial calibration, a QC check standard is run. The QC check standard
is an independent check standard to validate the initial calibration.

9.4.4 Continuing Calibration

A continuing calibration check is run using either a standard prepared similarly to the curve
standards or an EPA or certified commercial NBS-traceable check standard to validate the
calibration. Following a solvent blank, a continuing calibration standard is run before starting
each day and every ten samples, or every batch, if less than ten samples, to validate response
factors and retention times. The percent difference of the check response factor-to the initial
calibration response should be less than 15%. Retention time calibration checks should fall
within 5% of the Initial calibration. The results of the calibration checks are also entered on the
Calibration Log for the instrument. If the check standards fail the continuing calibration criteria,
initial calibration procedures must be implemented and continuing calibration rerun.

Surrogate standards and matrix spikes are used in analyses in order to monitor recovery of each
sample through the extraction procedure. A separate log of extractions and recovery is
m atained for each method. Absolute recovery varies with the method and the matrix.
Recovery criteria are presented in Table 5-1.

9.4.5 Equipment Monitoring
Balances. Laboratory balances are to be calibrated prior to each group of weighings, or daily,
according to the following protocol:

check level of balance;

zero the balance;

weigh standard weight; and

record true weight, measured weight, and error in Balance Calibration Log and
sign.

Refrigerators. The purpose of monitoring refrigerator temperatures is to maintain a record of
temperature variation which may affect sample integrity. Each working day, the refrigerator
temperature will be monitored from the thermometer mounted in the unit and entered on the
Refrigerator Temperature Log (Figure 9-6). Should the temperature be unacceptable, the QA
Manager will be notified immediately.

Mobile Laboratory Temperature. The purpose of monitoring refrigerator temperatures is to

maintain a record of temperature variation which may affect sample integrity. Each working
day, the refrigerator temperature will be monitored from the thermometer mounted in the unit
and entered on the Refrigerator Temperature Log (Figure 9-6). Should the temperature be
unacceptable, the QA Manager will be notified immediately.



Figure 9-5. Balance Calibration Log
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10.0
PREVENTIVE MAINTENANCE PROCEDURES AND SCHEDULES

10.1 ROUTINE MAINTENANCE

The preventive maintenance program combines both in-house procedures and maintenance
provided by the manufacturers and vendors of the equipment. Major equipment and components
are periodically inspected and tested by manufacturers representatives, as appropriate. Routine
parts replacement and system modifications are performed by qualified personnel. Listed in
Table 10-1 are routine maintenance activities for the equipment listed in Section 9.

TABLE 10-1.
MAINTENANCE ACTIVITIES

I men Activity Frequency
Gas Chromatograph Check Septum Daily

Change Septum As required

Check Carrier Daily

Clean PID lamp As required

Leak Check Daily
IR Spectrophotometer Clean Cell & Extractor Each use
Balance Clean, Calibrate Daily
Refrigerator Clean, Calibrate Daily
Generators Oil Change, Filters 100 Hours
Vehicle Engine Oil Change, Filters 3000 miles

10.2 DOCUMENTATION

A maintenance logbook is kept to record problems, routine maintenance, and corrective service
for each instrument (Figure 10-1). Items which require regular maintenance, such as filters,
compressors, generators, and engines, are labeled with the date of last maintenance and
due-dates (or criteria) for next regular maintenance.
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10.3 CONTINGENCY PLAN

A stock of key replacement items is maintained so that down-time is reduced. Key personnel
are trained in ares of routine maintenance, trouble shooting, and repair of electronic and
mechanical failure. This is especially critical in the TEG mobile laboratory operation as backup
equipment and factory maintenance may not be readily available.

In the event of total equipment failure, or the inability to repair equipment on-site, TEG will
arrange either for back-up equipment and parts to be delivered or for service personnel to effect
repairs as needed. If a substantial down-time is anticipated, judgement will be made whether
to store samples until repairs are completed or to transfer samples to another TEG facility for

analysis. .

72A3
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Figure 10-1. Repair Maintenance Log
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11.0 QC CHECKS, PRECISION AND ACCURACY AND DETECTION LIMITS

11.1 LABORATORY QC CHECKS

11.1.1 Equipment QC Checks
Listed below in Table 11-1 are equipment monitoring activities with respect to QC checks.
Monitoring of this equipment is documented on forms presented in Section 9.

TABLE 11-1.
EQUIPMENT MONITORING ACTIVITIES

Instrument Activity Frequency
Gas Chromatograph Ongoing Calibration Daily

IR Spectrophotometer Calibration Each use
Balance Cauibrate Daily
Refrigerator Monitor Temperature Daily
Mobile Laboratory Monitor Temperatures Daily
11.1.2 Chemistry QC Checks

Several types of QC checks are standard to TEG analyses. The standard operating procedures
for each analysis have specific types and frequency of QC checks which are followed at a
minimum. In general, TEG QC checks include an evaluation of:

° blanks;

° precision;

® accuracy,

® recovery; and

° method detection limits.

If a method does not specify minimum QC checks or if the method QC requirements are less
stringent than those listed in below in Table 11-2, the laboratory will use the QC guidelines
presented in Table 11-2.



18729¢g

 Section 11
Revision |
Date 1/1/93
Page 2 of 3
TABLE 11-2
CHEMISTRY QC CHECKS
BLANKS
Method Reagent Blanks - prepared and analyzed at greater of one per sample set or 5%
MATRIX SPIKES - prepared and analyzed at greater of one per sample set or 5%
- minimum of one set per matrix
QC CHECK SAMPLES - analyzed blind in duplicate semi-annually
- QC CHECK _
STANDARDS - analyzed at greater of one per sample set or 5%

DUPLICATE SAMPLES - Duplicate samples or duplicate matrix spikes will be analyzed
at greater of one per sample set or 5%; minimum of one per

matrix
CONTINUING
CALIBRATION
STANDARDS - Same as, or in lieu of QC check standards
11.1.3 Additional QC Checks

A calculated recovery of sample during analysis is accomplished by the addition and subsequent
analysis of surrogate or matrix spiking compounds. Surrogate spiking compounds, which serve
as substitute analytes, differ for each analysis and are usually not naturally occurring
compounds. The surrogates are added to samples for analysis after aliquots of the sample have
gone through the preparation process. Surrogates are chosen such that they are chemically
similar to the analytes, with similar response, but do not interfere with determination of the
analytes.

11.2  PRECISION AND ACCURACY

Precision is determined through evaluation of percent difference in duplicate analysis of samples,
standards and surrogates. Precision may also be measured by evaluating the standard deviation
of multi-point calibrations or the standard deviation of the high point in a span calibration.
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Precision, as determined through percent difference in duplicate analysis of samples, standards
and surrogates, is calculated as:

A-B x 100
Precision = A + B
2

where "A" is the larger value and "B" is the smaller value of two replicate analyses.

Accuracy, as percent recovery, is calculated from analysis of surrogate and matrix spike samples
as follows:

A-Bx 100
Accuracy = C

where "A" is the analyte determined experimentally from the spike sample; "B" is the
background level by separate analysis of the unspiked sample; and "C" is the amount of spike
added.

11.3 METHOD DETECTION LIMITS AND PRACTICAL DETECTION LIMITS

Method detection limits (MDLs) are derived from in-house data according to the guidelines of
40CFR 136. Replicate samples or standards are analyzed, with the method detection limit being
based on 3 times the standard deviation for the analyses.

Practical quantitation limits (PQLs) are defined as ten times the standard deviation resulting from
the calculation used in determination of method detection limits.

MDLs and PQLs are re-evaluated every 12 months by in-house analyses or each time a
modification is made to an analytical procedure.
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12.0 DATA REDUCTION, VALIDATION AND REPORTING

12.1 DATA REDUCTION

Each analysis is recorded by the field chemist on an Analyms Log (Figure 7.3) for the
instrument being used. TEG uses microcomputers for data storage and reporting purposes.
Initial chromatographic data gathering is performed either by integrators or computers which
print a cnromatogram and report integration. Each chromatogram is labeled during analysis to
identify the project and sample number. It is the responsibility of the field chemist to evaluate
each chromatogram with regard to correct integration, peak identification, and calibration.
Verified numeric data from the chromatogram is then manually entered by the analyst into a
spreadsheet on the microcomputer. A spreadsheet file, with a unique file name related to the
project number and analysis, is created from a generic starter file for each project and analytical
method. At the end of each day, the active file is transferred to a backup ﬂoppy This backup
floppy is stored in the final job file.

12.2 DATA VALIDATION

At the end of each day the field chemist (analyst) inspects the extraction logs, analysis logs,
calibrations, raw data, and calculated data. The printed spreadsheet is placed in the project file
and submitted to the QA officer for review. The quality assurance officer then reviews the data
for errors and makes a determination as to whether each quality control parameter is within the
limits set for the analysis. If the data are acceptable, they are approved for reporting. Both the
analyst and QA officer are responsible for review of these measures. In the event that a QC
parameter is unacceptable, corrective action will be taken. Corrective actions are discussed in
Section 13.

12.3 DATA REPORTING

TEG uses computer automation where feasible to reduce potential for error between data
reduction and reporting. Data reporting is performed following review of data and calculations
by the analyst. The data generator prepares a preliminary report for review by the QA
Manager. The QA Manager then reviews the report and prepares a QA summary. The
generated report is then reviewed for typographical errors and forwarded to the laboratory
director for review, signature and release to the client. A sample report is enclosed in an
appendix.

12.4 DATA STORAGE

Hard copies of the final printout and report are maintained in the project file by job number
along with printed chromatograms, logsheets, chain of custody records, floppy disk, and data
tables. The purpose of this document control procedure is to provide guidelines to reduce the
potential for document loss and mix-ups. Both electronic and printed media records are stored
for a minimum of two years.
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13.0 CORRECTIVE ACTION

13.1 CRITERIA
Whenever the quality control goals set for precision or accuracy of data are not achieved, as
summarized in Table 13.1, a program of corrective action is initiated.

13.2 RESPONSIBLE INDIVIDUALS ‘

The first step in corrective action is identification of the source of the problem. Initial
identification responsibility is with the analyst who will spot most problems. The quality
assurance officer is responsible for identification of problems which the analyst may have
overlooked. He must also initiate the corrective action and review the effectiveness of the
action. The laboratory director is responsible for review of the QA Manager’s reports.

13.3 CORRECTIVE ACTIONS
When a quality control problem is noted, the following steps are taken to identify and correct

the problem:

o the hard copies of the data are re-examined;
] the analyst re-analyzes the sample(s), as appropriate;
° if the problem is not resolved by analysis, the QA Manager or the laboratory

director is consulted to provide additional information about rectifying the
problem; and

° if the problem cannot be solved in-house, equipment repair contractors,
manufacturer’s representatives, or outside consultants are contacted, as necessary
to correct the problem.
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SUMMARY OF CORRECTIVE ACTION PROCEDURES

OC ACTIVITY

System Blank

Reagent Water Blank

Reagent Blank

New Standard Validation

Method Blank

Initial Calibration

QC Check Standards

Cont. Cal. Standards

Matrix Spikes

(applicable to GC and IR analyses)

ACCEPTANCE CRITERIA = RECOMMENDED ACTION

Response < MDL
Response < MDL
Response < MDL
Relative % difference < 15%

Response < MDL

Relative % difference < 15%
Relative % Difference < 15%

Relative % Difference < 15%

Method Control Limits

13.4 EXTERNAL SOURCES
Corrective actions are also initiated when other problems or irregularities are observed during
external auditing procedures, client review, or by regulatory review. These externally initiated
corrective actions may be a result of performance evaluations, audits, split samples or standards

submitted by clients, or other certification procedures.

Repeat, if same, identify source
eliminate source

Repeat, if same, identify source,
correct problem

Repeat, if same, ideatify source,
Replace reagent

Re-analyze; if still unacceptable,
Reject Standar

Repeat, if still unacceptable,
identify cause, re-process,
Re-analyze previous sample set

Re-analyze; if still unacceptable,
make fresh standards

Re-analyze; if still unacceptable,
make fresh standard, use new standard

Re-analyze; if still unacceptable,
make fresh standard, use new standard,
Re-analyze previous sample set

Re-analyze, if extremely low
recoveries.
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13.5 NOTIFICATION OF PERSONNEL

The field chemist and QA Manager will initially discuss the identification of problems and
implementation of corrective actions. If the problem is of a routine nature the QA Manager will
make note of it in his QA report for the project to the laboratory director. If the problem is of
a severe nature, the situation will be discussed immediately with the laboratory director so that
he may be involved in the decision-making process regarding corrective action.
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14.0 PERFORMANCE AND SYSTEM AUDITS

14.1 GENERAL REQUIREMENTS
Performance and system audits are achieved through both external and internal processes. These

audits are conducted with specified frequency to review and evaluate the individual components
and the overall measurement system with regard to proper selection and usage. The following
sections include descriptions and frequency of both internal and external audits.

14.2 SYSTEM AUDITS

14.2.1 System Audit Scope

The system audit is designed to evaluate the individual components of the operational system.
A determination is made regarding the proper function, proper methodology, and relationship
to the CompQAP. Resulting output from the system audit indicates deficiencies and areas which
need improvement. Listed on the following page (Figure 14-1) are the system components
which are evaluated through the system audit.

14.2.2 Internal System Audits

Internal system audits are conducted annually at each TEG facility. The audits are conducted
by either the TEG corporate QA Manager or a laboratory director from another TEG facility.
Each system component listed on the Internal Audit System Audit Form (Figure 14-1) is assessed

and graded during the procedure.

14.2.3 External System Audits

TEG welcomes external system audits from regulatory agencies clients and peer groups. The
external system audit provides an opportunity to improve the TEG system operation in ways that
may be different from the internal audit and to evaluate the laboratory with respect to other

laboratory operations.
14.3 PERFORMANCE AUDITS

14.3.1 Performance Audit Scope

Performance Audits are conducted for the purpose of evaluating the analytical capability of the
laboratory. Both the accuracy of the overall analysis and the individual portions are evaluated.
The performance audit consists of each of the following: blind samples, split

samples, quality control samples, regulatory or commercial check samples, and blind spikes.

<
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14.3.1 Internal Performance Audits

Internal performance audits are conducted semi-annually by the corporate QA Manager. Blind
samples, QC samples and blind spikes are prepared at a different TEG facility. Sample splits
are forwarded to another TEG laboratory for analysis. Commercial check samples may also be
obtained. The report of analysis is prepared in the same manner as normal analytical report.
The QA Manager reviews this report in comparison with known values and results of split
analyses. The QA Manager then makes a formal report of the audit to the laboratory director.

14.3.2 External Performance Audits )
External performance audits are requested by some regulatory agencies and clients. TEG
conducts performance audits as required by regulatory agencies and clients.



Figure 14-1. Internal System Audit Form

SAMPLING PROCEDURES
Sample Containers
Cleaning
Waste Disposal

i

SAMPLE CUSTODY
Field Custody
Laboratory Custody

ANALYTICAL PROCEDURES
Method References
Glassware Cleaning
Reagent Storage
Waste Disposal

CALIBRATION
Instrumentation List
Standard Receipt and Traceability
Standard Sources and Preparation
Instrument Calibration

PREVENTATIVE MAINTENANCE
Routine Maintenance
Documentation
Contingency Plans

QUALITY CONTROL CHECKS
Laboratory QC Checks
Equipment QC checks
Chemistry QC checks
Additional QC checks
Precision and Accuracy
Method and Practical Detection Limits

DATA REDUCTION, VALIDATION AND REPORTING
Data Reduction
Data Validation
Data Reporting
Data Storage, Document Control

CORRECTIVE ACTION
Criteria
Responsible Individuais
Corrective Actions
External Sources
Notification of Personnel

PERFORMANCE AND SYSTEM AUDITS
General Provisions
System Audits
Perforinance Audits

CECL TR FEEEE TEEEEEE TR FEEEL FET

QUALITY ASSURANCE REPORTS

EXPLANATION

1. Passing
2. Needs Improvement
3. Unacceptable
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15.0 QUALITY ASSURANCE REPORTS 187395

QA reports are prepared by the QA Manager on an annual basis. These reports contain:

the results of performance audits;

summary of individual project QA;

periodic assessment of accuracy, precision and detection limits;
significant QA/QC problems and recommended solutions; and
the results of corrective actions implemented.

The QA Manager’s report is prepared and delivered to the laboratory director and president of
TEG. Overall laboratory performance and the results of system and performance audits are
reviewed by the laboratory director and president of TEG. External QA reports are prepared,
as required, by regulatory agencies and clients.
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SHERI WILDER HARTMAN, M.A.
President, Transglobal Environmental Geochemistry, Inc.
Co-Founder, Solana Beach, California

Education:
Masters Program, Geology/Geochemistry - 1978-1980; Tulsa University,
Tulsa, Oklahoma

M.A., Creative Arts : - 1976; Purdue University,
' West LaFayette, Indiana
B.A., Chemistry and Biology - 1976; Purdue University,

West LaFayette, Indiana

Summation of Employment History:

- 1990 to Date: Transglobal Environmental Geochemistry, Inc., Solana Beach, California,
Geochemist & QA Manager
1988 to Date: Transglobal Exploration & Geoscience, Inc., Solana Beach, California,
President and Co-Founder
1980 to 1987: Unocal Science and Technology Division, Brea, California,
Research Geochemist
1976 to 1980: Dept of Energy, Energy Technology Center, Bartlesville, Oklahoma

Research Chemist

Professional Experience:

Ms. Hartman'’s professional career includes over thirteen years of varied experience in petroleum
and environmental geochemical applications. In addition to extensive laboratory analytical work,
she has been engaged in a variety of field data collection programs. Ms. Hartman has served
as director of numerous oceanographic and land-based geochemical programs with Unocal
Research and Transglobal Exploration. With TEG, Ms. hartman is responsible for field sample
collection and analysis, reporting, and management of the Quality Assurance Program.

President and Co-Founder:
Transglobal Exploration & Geoscience
March 1988 to Present

Primary Duties:

As President and Co-founder of Transglobal & Geoscience in 1988, Ms. Hartman
conducts all the duties of a president and is a senior geochemist experienced with gas
chromatographic systems and data interpretation.
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Research Geochemist: : 1873u
Unocal Science and Technology
December 1980 to June 1987

Primary Duties: _

Direct all geochemical programs for Unocal Indonesia, Latin America, Dutch North Sea,
and Egypt; provide technical interpretation and reports.

Participate in and provide technical support for marine geochemical exploration programs
for petroleum in the Southern California Borderlands (1981), offshore California (1981),
Behring Sea (1983) and North Sea (1985).

Direct surface-geochemical surveys for petroleum exploration in Nevada, Oregon, and
Alberta, Canada.

Organize and conduct Basin Modeling Short Course for Unocal personnel.

Development of new HPLC methods for characterizing chemical-compound classes in
petroleum.

Initial organization of geochemical database.

Research Chemist:

Department of Energy, Bartlesville
Energy Technology Center
September 1976 to December 1980

Primary Duties:
Organize geochemical studies to enhance on-going oil-to-oil correlation studies.

Development of new correlation methods using isotope ratio data.
Conduct petroleum studies using LC, HPLC, IR, AA and MS data.

Direct petroleum analysis lab.
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BLAYNE HARTMAN, Ph.D. 187308
Vice President, Transglobal Environmental Geochemistry
Principle Geochemist and Co-Founder, Solana Beach, California

Education: _ ; '

Ph.D., Geological Sciences (Geochemistry) - 1983; University of Southern California,
Los Angeles, California

M.S., Geological Sciences (Geochemistry) - 1978; University of Southern California,
Los Angeles, California

B.S., Chemical Engineering - 1975; Clarkson University,

Potsdam, New York

Summation of Employment History:

1990 to Date: Transglobal Environmental Geochemistry, Inc., Solana Beach, California,
Laboratory Director

1988 to Date: Transglobal Exploration and Geoscience, Inc., Solana Beach, California,
Vice President and Co-founder '

1986 to 1988: InterOcean Systems, Inc., San Diego, California,
Chief Geochemist

1982 to 1986: Unocal Science and Technology Division, orea, California
Research Geochemist

1977 to 1981: L.A. Pierce College, Los Angeles, California
Instructor

1977 to 1978: California Srate University Northridge, Northridge, California
Instructor

Professional Experience:

Dr. Hartman’s daily responsibilities, with respect to TEG, include direction of laboratory
operations, supervision of laboratory personnel, analysis, report preparation, technical review
and method development, and direction of corporate development.

Dr. Hartman’s academic research included a variety of chemical oceanography projects
including: petroleum tracing using stable and radiogenic compounds as tracers; process controls
across the airwater interface; and gas chromatography of dissolved gases in water and sediments.

Prior to co-founding Transglobal Exploration, Dr. Hartman was chief marine geochemist with
InterOcean Systems, where his responsibilities included direction of marine sediment and
bottom-water geochemical exploration programs. As a research chemist with Unocal Research,
Dr. Hartman was responsible for development of geochemical prospecting techniques in onshore
and offshore applications. These research operations included extensive method development
and use of a variety of gas chromatography methods. Other research included use of stable
metal isotopes as correlation parameters for organic materials.
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Vice President and Co-Founder: : - 187305
Transglobal Exploration & Geoscience
March 1988 to Present

Primary Duties: _ '
As Co-founder and Vice President of Transglobal & Geoscience in 1988, Dr. Hartman
has been personally responsible for directing geochemical technical development,
equipment design and maintenance, applications development, and implementation of
exploration programs, analyses, and reporting.

Marine Geochemist:
InterOcean Systems, Inc.
March 1986 to March 1988

Primary Duties:
Director of marine sediment and marine bottom-water geochemical exploration programs
for petroleum.

Technical interpretation and report presentation of marine sediment and marine bottom-
water (sniffing) hydrocarbon data fo. _etroleum exploration.

Development of new analytical methods for marine sediment and marine bottom-water
exploration for petroleum.

Research Geochemist:
Unocal Science and Technology Division
September 1982 to March 1986

Primary Duties:
Director of two marine geochemical exploration programs for petroleum in the North Sea
(1985) and the Bering Sea (1983).

Surface geochemical prospecting for precious metal deposits, petroleum, and geothermal
resources.

Applications of radioisotopes for age dating petroleum and dating ground water residence
times.

Investigations on the use of gaseous halocarbons as gas tracers for assessing the
characteristics of petroleum reservoirs.

Pioneer studies on the applications of stable metal isotopes as correlation parameters for
organic materials. '
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TEACHING 187340
Instructor:

Introductory Oceanography Laboratory, Physical Geology and
Introductory Oceanography, L.A. Pierce College
September 1977 to June 1981 (8 semesters)

Instructor:
Introductory Oceanography California State Umversxty Northridge
September 1977 to May 1978

PUBLICATIONS
Publications in various geochemistry and marine chemistry fields. List available on request.

RESEARCH CRUISES
Over 40 oceanic geochemical research cruises.
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DERHSING LUU, Ph.D. 187311
President, Transglobal Environmental Geochemistry/Texas
Education:
Ph.D., Analytical Chemistry - 1986; Southern Illinois University,
Carbondale, Illinois
B.S., Chemistry - 1977; National Chung Hsing University,
Taiwan
Summation of Employment History:
1992 to Date: Transglobal Environmental Geochemistry/ Texas, Austin, Texas
President / Laboratory Director
1990 to 1991: Texas Research Institute, Austin, Texas
Laboratory Manager, GC/MS Operator, Corporate QA Officer
1989 to 1990: ENSR Corporation, Camarillo, California,
- Air Toxics Monitoring Tech. Supervisor & Reg. QA Officer
1985 to 1989: Global Geochemistry, Canoga Park, California

Project Manager

Protcssional Experience:
Dr. Luu’s daily responsibilities with respect to TEG/Texas include direction of laboratory
operations, supervision of laboratory personnel, analysis, report preparation, technical review
and method development.

Dr. Luu’s academic research included a variety of novel automated analytical instruments
development including: methanol analyzer and hydrocarbon analyzer.

Prior to founding TEG/Texas, Dr. Luu was R&D senior scientist with Global Geochemistry
Corp. where his responsibility included development of methanol analyzer for CARB (California
Air Resource Board) and hydrocarbon analyzer for Schiumberger. As a senior chemist for Air
Toxic Lab with ENSR, Dr. Luu was responsible for daily laboratory operations and method
development for air toxic laboratory. As an environmental laboratory manager and corporate
QA officer with TRI (Texas Research Institute), Dr. Luu was responsible for supervising,
performing GC/MS analysis, training, method developing for indoor air monitoring, and
devising corporate QA/QC policy.

President and Director:
Transglobal Exploration & Geochemistry
1992 to Present

Primary Duties:

As President of TEG /Texas, Dr. Luu is in charge of direction of laboratory operations,
supervision of laboratory personnel, analysis, report preparation, technical review and
method development. '
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Laboratory Manager, GC/MS Operator, Corporate QA Officer: 187342
Texas Research Institute
1990 to 1991

Primary Duties: .
As Laboratory Manager, managed both EPA and IH work, method implementations,
provided technical support for clients.

As GC/MS Ope=rator, handled all GC/MS work including standard EPA methods (8240’s,
624, 625, TO-14) and other non- routine types of analyses such as material
characterizations, indoor air analysis, etc.

As Corporate QA Officer, rewrote the corporate QA manual and laboratory QC
handbook. Executed QA policy including internal audits, problem solving and provided
QA knowledge for corrective actions.

Air Toxics Monitoring Technical Supervisor & Regional QA Officer:
ENSR Corporation
1989 to 1990

Primary Duties:
Created the method development for air monitoring. Implemented the QA policy.

Project Manager:
Global Geochemistry
1985 to 1989

Primary Duties:

Project Manager for project entitled "Preconcentration and Determination of Reduced
Sulfur Compounds in Ambient Air by Purge and Trap / GC-FPD Detection”, project
sponsored by Southern California Edison. Performed EPA analyses (EPA 8015, EPA
8020, and EPA 418.1). Designed a computer program for data calculations to improve
EPA lab productivity and for instrument hardware control. R&D Project Manager for
CARB research project to developed the methanol analyzer for exhaust emission studies.
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MICHAEL A. KOROSEC, M.S. 187313

President, Transglobal Environmental Geosciences Northwest, Inc.
Principle Geochemist, Environmental Chemist, Geologist Program Manager

Education: _
MBA, Finance and Management - 1987; City University and Pacific Lutheran Univ.
M.S., Geological Sciences - 1978; University of Southern California
B.S., Biology --1975; Case Western Reserve University
Summation of Employment History: :
1989 to Date: Transglobal Environmental Geosciences Northwest, Inc.,
Laboratory Director and Analytical Chemist
1978 to 1989: Washingron Department of Natural Resources,
Geologist
1978 to 1980: L.A. Pierce College
Instructor
1975 to 1978: University of Southern California
Teaching Assistant and Instructor
1973 to 1975: Chi Corporation

Technical Writer

Professional Experience:

Mr. Korosec’s daily responsibilities with respect to TEG Northwest include direction of all
laboratory operations, supervision of laboratory personnel, analysis, report preparation, technical
review, marketing, and contract negotiations.

While with TEG, Korosec has developed unique preparation methods and analytical techniques
for on-site analysis of PAH's, PCB’s and chlorinated pesticides in soils, and PAH's and BTEX
in tars.

Korosec’s academic research included studies of the chemical and physical controls on the
transport of dissolved nutrients across the sediment-water interface, using UV spectrophotometry
and gas chromatography.

Prior to founding TEG/Northwest, Korosec was in charge of the state of Washington, Division
of Geology and Earth Resources’ Geothermal Exploration Program. The work included the
development of a water analysis laboratory for the determination of dissolved cat ions, an ions
and trace metals in thermal and mineral waters. Instrumentation included AA
spectrophotometer, UV spectrophotometer, mercury analyzer and specific ion meters.
Additional work included drilling programs for temperature gradient and heat-flow studies,
whole rock geochemistry, age dating, and geologic mapping. As program manager, Korosec
was responsible for all contracting, subcontracting and reporting to the U.S. Department of
Energy.
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Laboratory Director and Analytical Chemist: ' 187314
Transglobal Exploration & Geoscience
1989 to Present

Primary Duties: A
Formed the Northwest branch of the TEG network through a contractual agreement with
TEG, Solana Beach, CA. Own and operate a fleet of Mobile Environmental

Laboratories.

Geologist: :
Washington Department of Natural Resources:
1978 to 1989

Primary Duties:

State Geologic Map Program; production of 1:100,000 and 1:250,000 maps through
compilation and new mapping. Program and Project Manager for U.S. Dept. of Energy-
funded state-wide geothermal program. Geothermal exploration, construction of a
complete water analysis laboratory, geochemical analysis of thermal and mineral waters,

geothermal drilling.

Instructor:
L.A. Pierce College
1977 to 1978

Primary Duties:
Instructed course on Oceanography.

Teaching Assistant and Instructor:
University of Sourhern California
1975 to 1978

Primary Duties:
Instructed and assisted course on Oceanography.

Technical Writer:
Chi Corporation
1973 to 1975

Primary Duties:
Worked on newsletter, advertisements and user manual production.
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MARK JERPBAK, M.S., R.G. ARG =
President, TEG Sacramento §¥315
Director and Registered Geologist

Education: _
M.S., Geology and Geophysics - 1988; University of Iowa

Iowa City, lowa
B.A., Geology - 1981; Cal State University Chico

Chico, California

Summation of Employment History:

1992 to Date: TEG Sacramento
Laboratory Director
1991 to Date: Yolo County Environmental Health Services
Consultant
1990 to 1992: EnLab Mobile Services
Marketing Director/Principal Analyst
1987 to 1990: EnergyLog Corporation
Geologist/Geochemist
1984 to 1987: University of lowa

Graduate Student

(Research with Iowa Geological Survey)
1981 to 1984: EnergyLog Corporation

Geologist/Geochemist

Professional Experience:

Mr. Jerpbak’s daily responsibilities with respect to TEG/Sacramento includes direction of all
laboratory operations, supervision of laboratory personnel, analysis, report preparation, technical
review, marketing, and contract negotiations.

Since 1981, Mr. Jerpbak has worked with several companies and agencies in geology and
geochemistry in the United States and overseas, including: Ascension Island, Papau New Guinea
and Japan. His work has included gas chromatography in the petroleum industry, gas and vapor
analyses and wet chemical titration in the geothermal industry, injection tests in active
geothermal areas, and gas chromatography by EPA methods in the environmental industry. He
has worked extensively in the field and in the mobile lab environment.

Mr. Jerpbak holds a M.S. degree from the University of Iowa in geology and geophysics. He
is a California State Registered Geologist and also consults for the Yolo County Department of
Public Health, and Environmental Health Services in California.

Laboratory Director:
TEG, Sacramento
1992 to Present
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Primary Duties:
Mr. Jerpbak’s daily responsibilities with respect to TEG/Sacramento includes direction
of all laboratory operations, supervision of laboratory personnel, analysis, report
preparation, technical review, marketing, and contract negotiations.

Consultant:
Yolo County Environmental Health Services
1991 to Present

Primary Duties:
Oversee continuing implementation of county ordinances regarding Class 2 injection
wells. Geologic advisor to the Environmental Health Services Director.

Marketing Director / Principal Analyst:
EnLab Mobile Services
1990 to 1992

Primary Duties:
Directed Marketing and worked as principal analyst performing gas chromatography
using EPA methods for organic analysis. A _isted the building of a mobile laboratory.

Geologist:
EnergyLog Corporation
1981 to 1990 (Time off for University of lowa 1984 to 1987)

Primary Duties:
Performed mobile lab work in the petroleum and geothermal industries located in
California and overseas.
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SECTIQN ) -
INTRODUCTICN

numdelrllolhuhomduicndcom:hmmumtimoftrxe
gases in many industrial or plant amocpheres. The smalyzer «ploys the prin-
ciple of photoionizacion for detectimn. This process is termed phocoionizazion
since the absorption of ultraviolet Light (a photn) by a molecule leads to jon-
ization via:

RH+hv - R + ¢

where RH = trace gas

hv-aptn:mwimnmgygmumhm:m&m

nnsmmntsofamldulmmhtucmmchn:nupbtm
which are energetic encuch :otmiumymspodu(pctiannlyorwxics)
hzdom:!mizcdnujarmuofdru:huoz.Nz.m.mz.urﬂzo.
Achmcadjmt:och-ulmhtmemumsapurofdxm. whe
amiuwpmmlumluwmm.h&umuddnmmy
m.fmbyamptimofwm.mmwllcmdcmmm
axTent (proporticnal to concentrarion) is measmred.

lbﬂniﬁaldmpcimofwnomu:phmu.dnimduchmof
nim&mhnm.ulm:datmmmw:.mdamﬁ
ﬂmafsaplcmummuimddzn;hduunimchntnr\ohn.

The snalyzer will operate either fram a rechargesble battery for more than
10 hours or concimuously from the AC bactery charger. A solid state aplifier
hmdhdnmh“arm&lemnpplthdm:hwmm

Tapid sexvicing of the unit {n the field.
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The useful range of the instrument is from & fraction of & ppm to about
2,000 ppa. For csasurenent st levels above 2,000 ppm, dilution of the sample
stramm with clem air s recamended. Scme cypical specifications for the
modal PI 101 Photoionizacion Analyzer are given in Table 1.
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TABLE 1

SPECIFICATIGNS FOR MDDEL PI 101 B
PHOTOIONTZATION ANALYZER

performance (benzene referrad)

range 0.1 to 2000
detection limic 0.1 ppe
sensitivity (m=x) 0-2 g FSD over 100 division mater scale

{
aé

physical
size: probe 6.3 DIA x 28.5L () (2-1/2 x 11-1/4™)
readout 21W x 13D x 16.5SH (am) (8-1/4 x $5-3/16 x 6-1/2

scowed 21V x 13D x 24H (o) (8-1/4 x 5-3/16 x 9-1/2

weight: pmhn .55 lzqk:Z%Gmcn))
tn:a.\. (nlu.ppma) 5.4 kg (12 pounds)

cntyols and functions

tode switch Off, Battery Chack, Standby (zero), 0-2000, 0-200, 0-20 ppm
low battery indicator light

zero (10 tuom + 3007 FSO max)

span (10 tuxn counting dial 1.0 to 10 times nominal sensitivity)

readoue 4-1/2" (11.3 cm) meter Taur Band covemsnt graduatsd 0-5-10-15-20,

wﬁmamf d O(SV)!‘SD
s or recorder
power output for recordar 12 VIC - jack on side of instrummt

power requirerants of operating times

cntimuous use, battery > 10 hours
continuous use with HWU recorder reduces instrument battery operating time

to 1/2 normal time
Techarge time, mex‘< ‘14 howrs, 3 houxs to 905 of full charge

Techarge axrent, mEx ams@uvnc
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TAELE 1 (Contirmed)

enstuction

Designed to withstand the shock and abuse to which portable instrumencs
are oftan subjected. The resadour i3 housud in a two piece alumiram case.
and finished with a solvent resistant bakad acrylic textured paint.

n;'munmm&umnmmmm
) . .

and/or Teplacenent of mechanical and electrical cponants. All module
interviring includes quick discormects.

maintenance
The instrunant amntains anly one soving part, axd consums no gases cr
reagents. The canly routine maintensncs procedizrs the
sowce window every sevaral wesks.

calibracion check

Check instrunent calibration at least once per week with BU calibration
standard to ensure that the high sensitivity of ths instTuant

E

5
g.
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SECTI®i 2 -
CPERATIN

2.1 Unpacking
W&mww:wcﬁllysﬂmmmms.mm&mdmy

mmmmmmm. m:hlmcr\m:mlublearbm:
wim:rnhbclwnd\:. mdnmpncdmd:umm:byopming:
mfu:mmﬂuvw(mml). ‘anuw;;u'nloida:cpsec:‘.m
cmbarmwdbypdm\:pmmm:m. ‘n'nwpuctimof:hci:s:m'
m:mwmmu::mwmdcw:am. The waist strap clips &
wﬂusmbuckcuofﬂnmm:mwad.

wmazmmm.mmmmmmmmmmlm
mmmuumdﬁe_o_{f_posim. mupminurf.ma:ucmm:h
ptuhtum:cdjus:ulm:!nspmadjmwmﬂ-mdmmam:
(see figze 2). mcﬁdlym:&mwmmmmmmww
mupmmmmdummlml.dmmcdnpmb‘mm
mm;mm:mmwum:.

Mmmm'm:unm:yu:dmmduﬁndu
mhulyaﬂnm-deSystu.
2.2 Cpemation

mmm:mm::hwmummwum. The needle on T
mcmdr-dﬁm«mmmb‘:mmmdnudcphu. L
mm-ﬂcumdulmpoﬁimofmu:tcym.mmmtﬂwld\
r.cmpdpziorcomkinsmyw-_nmu. L{r-dl.mmsa\.dubntay

-“ghould be recharged.

0-7
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Next, oizn the finction switch to the on position. In this posizion
e WV light saurce should be an. look into the end of the probe to see
= prple glow of the lamp.

A brief dascription of the instrumsnt controls and functions is shown
in Figure 2.

Fal )



Figury 1,

h'""""‘w..



TABLE II

BRIEF DESCRIPTION QOF DISTRUMENT -
CONTROLS AND FUNCTIONS*

Control Rneczion
Six Pos:tion Switch T - Shuts off all power & revves X w

QY - In =y other finetion position or 24
mode, the elecCrtnics are on.

BATTERY CHEXX - Indicates the condition ¢
battery. If needle position is in _ow
portion of green battery arc, the inst
omnt should be recharged.

STANIBY - W lap is off bur electrmics ar
This position will conserve powexr and
the useful operating tims between r-2h
of the battery. This position is ¢ so

lized to adjust the electrmmic zexv.

RANGES - 0-20, 0-200, 0-2000 direct reas g
available at minimm p~{n for benz: e.
sensitivity is availal . by adjusting
span potenticmeter.

Zexo Potentiometer A tm ton potantiomter is eployed to .
ths zaro electronically when the instrumen
placed in the standdy positicn with the ¢
attached. This eliminaces the need for
carbon free gas.

Span Potenticmerer A tan turn cancing potenticater is utilis
upscals setting of the metsr on calibra o
rotation :;

’fa P WY

Coancer-clociarise increasas th
vicy (10 times). This pot can increase
sitivicy to maks the instrument direct ™sac
naarly any gas vhich the instrumsnt res rx

#or positim of layout controls see Figure 2.
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Foue 2 Controt Manst Funciiore

Low Batter Inacstoy \ )
Lgre (LED, STANDSY >0
}w (pomy
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To zero the instruent, turn the function switch to the standby positis
and rotate the zero potenticmeter until the meter reads zero. Clockwise rote-
tion of the zero potenticmeter produces an upscale deflection while counterc) =k
wise rotation yields a downscale deflection. Note: noO 2erv gas is needed, ¢:-c
this is an electronic zero adjustment (see below). If the span adjustoent se ::
is changed after the zexo is set, the zero should be reciecked and adjusted, 'f
necassary. Wait 15 or 20 seconds to ensure that the zerc reading is stable. £
nacessary, readjust the zero.

The instrument is now ready for calibration or msasuwrament by switching
the function switch to the proper measuwrmmsnt range. The instrument is suppl
calibrated to read directly in ppm (v/v) 0-20, 0-200, 0-Z000 of benzene with
ths span position set at 9.8. For additional sensitivity, the span potenticx 2
is turmed counterclockovise (smller rmmbers) to increase the gain. By chaging
the span setcing from 10.0 to ° 0 the sensitivicy is increased spproximately en
fold. Then, the 0-20, 0-200, and 0-2000 ppm scales beccme 0-2, 0-20, and 0-700
pra full scale, respectively. This span control is also utilized to make th
instrument scale read directly in ppe of the campound being msasured. E.g., T
is adjusted to match the value of a calibration gas to that same reading an L.
instrunent scale. The span contyol can be utilized to calibrate neaxrly &y ¢ =
pound, measured by photoionization, to be direct reading on the 0-20 ppo range.
For exazple, gain settings of 4.5 or 8.9, respectively, will provide direct 1 ic
capabilicy (0-20, 0-200 ppm) for vinyl chloride and trichlorvethylene, respectis
For a listing of approximate gain setting values see Table IV.

0-13
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A smll IC operated £an (s uwsed @ pull air tizouggh the photxionization
sensor a2 8 flov tata of thres t seven hrxired cancimsters per mimuca (ca. 0.9
1m). e fm provides nasrly instantanecus respanse times (Figme J) wvhile
cnaming littls posmr. The charactaristics of & fan e sxch that it exyot
tolarate & significant pressoe Gop vithout affecting the flow rate ad there-
fore eithar tha {nstrumant reading or ruspanse time. Sincs photoionizacion L
essancially a nondastructive teciriiqua, charges in flow rata do not affect rhe
sigral but if a large presmxe drop {s izmposed at the inlet of ths probe. the
sxpls mxy rot reach the sensor.




187332

TABLE 11

VERIFICATION Of ELECTRONIC ZERO FOR -
PHOTOIONIZATION ANALY2ER®

Instrume
Sampie Reeding (ppm) %of F§

Roomi Air 0.7 35
Room Air Passed Through 0.1 5
6" x /4" OD Charcosl
Serubber
Zero Air 0.28 12.5
2ero Air Pamed Through Q.04 e
6" x /4" OD Charcoal

C Scrubber

“

*Maximum Gain = 2 pom fyll seaiq.

D-15s



TABLE IV

RELATIVE PHOTOIONIZATION SENSITIVITIES®
FOR VARIOUS GASES

Chemical Girouping Relstive Semitivity Exampies

Aromstic 10.0 Senzene, Toluene, Styrens

Aliphatic Aming 10.0 Dlethylamine

Chiorinated Unsswrated - 50 Vinyi Chicride, Vinviidene Chloride,
Trichiorosthylens

Carbony! 8.7 MEK, MIBK, Acetons, Cyclohexene

Unaatursted 38 Acrolein, Propyiene, Cyciohexens,
Allyl Alcohol

Sulfide 38 Hydrogen Sulfide, Methyl Mercaptan

Paratfin (CgCy) 1.3 Pertane, Hexane, Heptane

Ammonis Q.3 —

Paraftin (C1-Cq) 0 Methane, Ethane . . .

*Sensitivities in ppm (v/v).

D-16



Figure 3. Time Rewoonss tor the Phatoonization Anglyzer.
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Tims {(seconds)

D-17
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To chargs the battery, place the mini phone plug into the jack on lef:
side of the bezel prior to plugging charger into 120 VAC. When discormec:i-
charger, remve from 120 VAC before removing mini phone plug. The bhattery is
ccopletely recharged overnight (ca. 14 hours). To ensure that the c.!u::ger is
fincrioning, tien the function switch to the battery check position, place ph .e
plug into jack and plug charger into AL outlet. The meter should go upscale if
charger is working and is correctly inserted into the jack.

The instrument can be operated duxing the recharge cycle. This will
langthen the time i-qv.d.:jod to campletaly recharge the inscrument battery.

D-19



Figure 4. Typical Calibration Curve for Photoionizstin Anslvasr, <
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CALIBRATIQN

Static or dynamic gas generation systams can be urilized for calibracic
of the instrument. A mmber of such systans for generating test a::m-spheres
for various gases have been dascribed by G. 0. lelson in "Controlled Test
Ampspheres,'’ Amn Arbor Scierce Publishers, Arm Arbor, Michigan (1971).

The most convenient packages for calibration are the non-toxic analyzed
gas mixtures available from HNU Systems in pressurized contairers (Cacalogue
#101-350 ). _

A Tapid procedure for calibration involves bringing the probe and reads-
in close procdimity to the calibration gas, cracking the valve on the tank aw
checking the instrument reading. This provides a useful spot check for the
instrument.

The recctmended and most accurate procedize for calidration of the inst -
mant from a pressurized coniuiner is to comnect one side of a 'T' to the pressc
container of calibration gas, sother side of the T to a rotamter and @ &
side of the 'T" directly to the §" extension to the photoionization probe (see
Fige 5). Crack the valve of the pressurized container until a slight flow s
indicated on the rotameter. The instrument dras in the volum of sarple requiz
for datection, and the flow in the rotzmter indicates an excess of sample. o
adjust the span pot so that the instrumant is reading tha exact value of the cal
bration gas. (If the instrumenc span setting is changed, the instrument sho d
be tuxned back to the standby position and the electronic 2ero should be resdiue
if-necessary.)
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The calibracion gas® should be prepared in the same macrix (air, nic
hydrogen, etc.) in which it is to be msanred, otherwise an inaccace rex ¢
may be cbtained. The increased response which is seen in oxygen free gases cx
be actributed to a reduction in the quenching of ions by oxygen (actually ¢ )
and is typical of any imnizarion detector. The quanching effect of oxygen is
constant from about ten percent Oz to very high levals.

If a gas standard prepared in nitrogm is to be used for measurements in
air, £i1l & 0.5 or 1 licer bag with the standard then add 50 or 100 cc of ¢ e
axygen to bring the lewel to 10-12%.

Any error between this valus and 20% oxygen is quite small.

If the smple to be measured is in nitrogen, standards should be preparcd
in nitrogen. This will result in an increase in sensitivity of approximate
4.

* Calibration with toxic gases should be performed in & hood since the
101 is & non-dastructive analyzer.



SECTION 4 187344
DETECTIGN PROACIPLE AD THEORY

The detection principle of this portable inscrument {3 photoionization.
A wide variety of organic copounds and same i{norgani. conpounds can be measired
with this tecinique. Photoinization (with ~ 10 ¢V photons) applied to the
analysis of trace gases in &ir can eliminate fragmant ion formation (signals)
from the major camponents of air yet still allow the {mnizaction of many irprc-
ities of interust in industrial aospheres. This is demnstrated by the lisc-
ing of imization potantials* in Tables V-XVII. Nots the high (12 &V) icnization
potantials for the major camponencs of air. In addition, the choice of a suféi-
ciently low {nizacion enesgy oftan pezrmits the selective ionization of e o
oo camponants in a coxplex pgas mixture.

Whils the inization potential serves as a rough guide to uhether or not
a rasponse is obtained, it does not predict what the qumritive rasponse actually
is. Inmma.alpociuuiﬁzmmm:mchm:awvul
give a respnse. In thase cases, however, the respanse is usually low beczuse
of its low ionization efficiency at 10 eV. A partial list of actual relacive
sensitivitias cbtained with s photoicnization snalyzer is given in Table XVIII.
The use of the tables should allow a detarmination of the specificity of the
instrument in a given spplication on omy industrial procasses; this instmument
mey not Tespand to the starting matexials or by-products but will respad to a
roduct. A exaple of this is semn in the vinyl chlorids monamer plants uhere
naither ethylene or dichlorvethane is detected but vinyl chloride is detected.

* lonization potential is defined as the energy r-qu.i.red-:o move an electrmn
infinite distance from the mucleus or tore simply, the energy required to pro-
duice & positive ion and an electron.
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Br

23288257 -

OH

Cly
.fz

SOME ATOMS AND SIMPLE MOLECULES

P (sv)

12.565
11284
14.54
13.614
s.148
10.357
17.42
12.01
1184
10.48
16.428
15.580
12.078
14.01
18.13
9.25
11.1
12313
18.7
11.48
10.88

TABLE

]

v

-2n

9.28
18.77
1274
11.82
10.38
1234
nn
11.18
10.08
1290

.78
1280
125%
10.48

0.88

0.14
1291
138
10.15

9.840
1298



TABLE VI

187346

PARAFFINS AND CYCLOPARAFFINS

Molecuie

shane

propane

nbutane

-butane

-pentane

rpentane
2.2-dimethyipropane
n-hexane
2-methyipentane

3 methyipentane
2.2-dimethyibutane
2,3dimethylbutane
nhepane

2.2,4 vimethyipentane
cyclopropsne
Cyclopentane
cyciohexane
methyicyciohexane

D-29°

iP (eV)

1298
11.65
11.07
10.63
10.57
10.38
10.32
10.35
10.18
10.12
10.08
10.08
10.02
10.08

p.88
10.08
10.53

9.8

0.85



Molecule

HC!

Gz

methyl chioride
dichloromethane
tichioromethane
tetrachioromethane

ethyl chioride
1.2-dichioroethane
1-chioropropane
2-chioropropane
1,2-dichioropropane
1,3-dichloropropane
1<chiorobutane
2-<chlorobutane
1<chioro-2-methyipropsne
2-chloro-2-methyipropane

Hr

Bra

methyl bromide
dibromomethans
ribromomaethane
CHa8rCl

CHBrCl

ethyl bromide
1.1-dibromoethane
1-bromo-2-chioroethane

TABLE Vil

ALKYL MALIDES

P (aV)

1224
11.48
12.98
1128
1138
11.42
11.47
10.88
11.12
10.82
e
10.87
10.88

10.65
10.68
10.61

1.62
10.85
10.83
10.49
10.51
1077
10.50
1029
10.19
1063



Molecule

1.-bromopropane
2-bromopropane
1,3-dibromopropane
1-bromobutane
2:-bromobutane

1-bromo-2-matiylpropane
2-bromo-2-methyipropans

1-bromopentane

o]

‘2

methyl iodide
diiodomethane

ethyl iodide
l.iodopropane
2-iodopropsne
1-iodobutane
2-iodobutane
1-iodo-2-methyipropane
2-iodo-2-methyipropane
{.iodopentans

F2

HF

CFCly (Freon 11)
CFoCly (Freon 12)
CF4Cl (Freon 13)
CHCIF4 (Freon 22)
CFB!:

TABLE VIl (Continyed)

10.18
10.07%
10.07
10.13
9.98
10.09
8.89
10.10

10.38
9.28
0.54
9.34
.33
9.26
8.17
9.21
9.08
9.18
8.02
9.19

18.7

18.77

"wn

12.31

129N

12.45

10.67



TABLE Vil (Continued)

Molecuie

CF 787

CHCF Ll (Genetron 191)
CFC!:CF 2€!

CFaLCia ( Freon 113)

CF HIPCHZUI’
CF:B'CH:.!

CFaCHol

&c:‘ﬂ

n-C:F7CHzCI

nCqF9CH2!

p-32

1873495

P (eV)-

1.0
11.98
11.9?
1.7,
10.75
10.83
10.00
1038
1.84

998
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TABLE VIl

ALIPHATIC ALCOHOL, ETHER, THIOL,

AND SULFIDES

Molecuis 1P (eV)
Ha0 12.59
methyi aicohol 10.85
sthyl alechol 10.48
n-propyi aicohol 10.20
Hpropyl alcohol 10.18
n-buty! sicohol 10.04
dimethy! ether 10.00
disthyl ether 9.53
npropy! ether .27
propyi ether .20
HoS . 10.48
methanethiol 8.440
sthanethiol 0.285
1-propanethiol 9.185
1-buanethiol 8.14
dimethyl sulfide 8.685
ethyl methy! sutfide 8.55
diethyi suifide 8.40
di-npropyl auifide 8.30



ALIPHATIC ALDEHYDES AND KETONES

Moleaule

n-veleraidehyde
sovaiersidehydie
scrolein
crotonaidehyde
berzaidehyde

TABLE IX

34

187354

P (aV)

nn
10.87
10.21
.98
9.88
9.74
.82
.
1010
.73
.83

0.68
9.63
.39
.32

TERRY

8.14
8.2



TABLE X

ALIPHATIC ACIDS AND ESTERS

Molecule (V)
coz 13.79
formic acid 11.08
scatic acid 1037
propionic acid 10.24
nbutyric scid - 10,18
isobutyric scid 100
nvaleric acid 10.12
maethyl formate 10.815
ethyl formats 10.81
n-propyi formats 10.54
n-butyl formate 10.50
isobuty! formats 10.48
methyl scetate 10.27
sthyl scetats nan
n-propyl scetate 1004
isopropy! scetate .99
nbutyl scetate 10.01
isobuty! acetsts .97
sec-buty! scetste N
methy! propionats 10.18
ethyl propionsts 10.00
methyi n-butyrate 10.07
methyl scbutyrate 9.98



ALIPHATIC AMINES AND AMIDES

Molecuie

methy! amine
ethyi amine
npropyl amine
bpropyl amine
n-butyl amine
tbutyl amine
sbutyl amine
t-butyl amine
dimaethyl smine
diethyl amine
di-n-propyl amine
di--prog , . amine
di-n-butyl amine
wimethyl amine
triethyl smine
vi-n-propyt smine

formemide

scetamide

N-methyl acstamide
N.Ndimethyl formamide
N.Ndimethy! scetamide
N,Ndiethyi formamide
N,N-diethy! acstamide

TABLE XI

P (oV)

118
887
a.ss
7
72
n
&7
870
.64
824
8.01
7.84
1.3
1.8
182
.80
13

10.2%
by

.12
L 4 )
8
860



TABLE Xii

187354

OTHER ALIPHATIC MOLECULES WITH N ATOM -

nitromethane
nitroethane
{-nitropropsne
2-nitropropane .

HCN
scatonitrile
propionitrile
n-butyronitrile
scrylonitrile
3-butene-nitrile

ethyl nitrate
npropyi nitrate

methyl thiocyansts
sthyi thiocyanats
methy| isothiocysnsts
ethyl isothiocysnate

37

P (eV)

11.08
10.88
10.81
1an

N
1222
1.84
11.67
10.91
1039

11.22

10.085
9.89
9.25
0.14



TABLE Xili

187355

OLEFINS, CYCLO-OLEFINS, POLENES, ACETYLENES

Molecule

sthylens
propylene
{-dutens
2-mathyizropens
Tens-2-butsne.
cle-2-butene
i-pentane
2-methyl-1-butne
3-methyl1-butene
3-methyl-2-butene

P (eV)

10518
.73
.58
| W ~]
0.13
9.13
0.50
0.12
0.8
.87
0.48
8.07
8.848
0.0
8048
s
L 8 x]
1.9

1.6

1038

1018



TABLE XIV

SOME DERIVATIVES OF OLEFINS

Molecule

vinyl chioride
cis-dichlorosthylere
trans-dichiorosthylens
trichlorosthyiens
tstachiorosthylene
viny! bromide
1.2-dibromosthylene
wibromosthylene
3-chioropropene
2.3-dichioropropene
1-bromaopropene
3-bromopropens
CF4CCi=CCICF4
nCgF 1{CFeCFq

scroilein
crotonaidehyde
metityl oxide
vinyl methyl ether
sliyl sicohol

vinyl scetate

O
'

39

L KA Yougtnl
187356

P (sV)

9.995
9.65
9.66
9.48
9.32
9.80
0.45
0.27
10.04

9.20
9.7
10.38
1048

10.10
.73
9.08
93
9.67
9.19



furan

2-methyi furan
2-fursidehyde
tstrshydrofursn

tstrshydropyran
thiocphene
2-chlorothiophens
2-bromathiophene
pyrrole

2-picoline
Jpicoline
4-picoline

2.4utidine
2.6 lutidine

TABLE XV

HETEROCYCLIC MOLECULES

D-40

P V)

e
.21
.84

.28

EEERRREbBa}



Molecule

benzene

tolue~e

sthyi benzens
n-propyl berzene
i-propyl benzens
n-buty! benzene
sbuty! benzene
t-butyl benzens
o-xyilens
m-xyiene
p-xylcne
mesityiene
durene

styreneg

a-methyl styrene
sthynyibsnzene
napthaiens

1-methyinapthalens
2-melyinapthaiens

bipheny!

phenol

snisole

phenetole
benzaidehyde
scetophenons
benzenethiol
phenyl isocysnate

TABLE XVI

AROMATIC COMPOUNDS

4873538

1P {oV)

9.245
8.82
8.78
872
8.69
8.6%
s.e8
a8
8.58
a.se
.45
8.4
8.025
8.47
8.35
8815
8.12

. 1.88
1985
827
4580
822
an
9.53
.27
&)
an



TABLE XVI (Continued)

Moleculs

mu:thiccvnmu

1<chioro-2-fluorobenzene
{<chioro-3-fluorobenzene
1-bromo-4-flucroberzene
oflucrotiuens
m-flucrotoiuens
p-flucrotoluene

8520
9.708
0.92
1.70
8.185

868



(X ]

Molecule

vthylene oxide
propylens oxide
p-dioxane
dimethoxymethane
disthoxymaethsne
1,1-dimethoxyethane
propiclactone
methy! disuifide
ethyl disulfide
diethy! sulfita
thiolacstic acid
acstyl chioride
scatyl bromide
cveloCeHy1CF3
(ﬂ-C:Fﬂ(CH:lC‘O
trichlorovinyisilane
(CoFgigN

soprens

phosgene

TABLE XVII

MISCELLANEOUS MOLECULES

O
'

43

i? (V)

10.565
10.22
8.13
10.00
8.70
9.85
.70
8.48
8.27
e.68
10.00
1.02
10.58
10.48
10.58
17
1.7
9.08
"nwn



TABLE XVIII

KELATIVE SENSTTIVITIES FOR VARIOUS GASES 18“"%1

(10.2 oV Lawp) fo
Spactas ey

p-xylene n.é -
o-xylane 1.2

banzene 10.0 (refaxence standurd)
tolume 10.0

disthyl sulfide 10.0

disthyl axine 9.9

styrena 9.7
trichloroachylens 8.9

carbon disulfide 7.1

Lsobutylene 7.0

acatone 6.3

tacrahydrofir. 6.0

methyl ethyl ketone 5.7

mchyl L{soburyl ketone 3.7

cy=lohexancng 5.1

naptha (862 sromatics) 5.0

vinyl chloride 5.0

mthyl {socysnats 6.3

{odine 4.5

sathyl mercaptan 4.3

dimathyl sulfide 4.3

allyl alcohol 6.2



TABLE XVIIL (continued) 187352

Species

propylens

rineral spirits
2,3-dichloropropene
cyclchexene
crotanaldehyde
acrolein

pyridine

hydrogen sulfide
ethylene dibramide
n-octane
acetaldehyde axime
hexane

phosphine

heptane

allyl chloride (3-chloroprcpens)
S iene xide
acetic anhydride

e pinens
didramchloropropane
epichlorohydrin
nitric cdde

8 pinens

citral

B sronia

Photoionization
Sensitivicy*

4.0
4.0
4.0
3.4
3.1
3.1
3.0
2.8
2.7
2.5
2.3
2.2
2.0
1.7
1.5
18
1.0
0.7
0.7
0.7
0.6
0.5
0.5
0.3



Species

acetic acid
nitrogen dicide
oethme

acat lena
ethylene

*Exprassed in ppa (V/V).

TAELE XVIII (contirued)

18
Photoimnizacion
Sensicivicy*
0.1
0.02
0.0
0.0
0.0
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SECTION § 187365
TROUBLESHOOTTG

If problems ocour while using the photoionization salyzer, it is
recaomended that the following troubleshooting guide be followed before
cnsulting the factory.
5.1 General Aid to Fault Determination

Check battery condition. Recharge if nacessary (Section 2). Tum the
inscunant en. Look into the Saxple Inlet of the probe wnit. A violet color
glow from the UV light souxrce should be cbsexved in all positions of the mode
switch except the standby position. If unstable readings are obtained a famult
probe cable or electrical camection could be the problem. To check, hold the
probe normally and flex the cable firmly. Watch the mater for fluctuations as
the cable is stressed. Individual wires in the readout can be checked in a
similar way. Chack the cosxial camector on the smlifier board in the probe.

In the more sensitive ranges, & fluctuatiom in the reading mey be noted
if s hand or other large cbject is placad in very close pruximity to the prot
This {s notmal for the instrumnt and will not result in an &Tor in the measuwe-
ot as lang as the prodbe is held stationary while the msasuremmt is being & e

1f the probe is held close to AC power lines or power transformers an «wor
oy be cbsarvad. If measuwrements are to be mads in close pruximity to such it o
their effact on measuremencs can be detaxmined by the following procedure. e
the instrunnt {n an electrically quiet area in the standdy positiom, then tove
ths instrunmnt to the questionable area involved. If AC piclap is going to ™
a problam, the meter (in the standby position) will indicate the magnitude of

the axToOT.




187365
5.2  Disassebly of Inscrumanc

PROEE - Tum the finction switch to the OFF position and discamect
ths probe camector fram the readout wnit. Reove the exhaust screw fourd
nasr the base of the probe (ses Figure 8.) Grasp the end cap in ane hand &d
‘:.‘-.eprobedullinduodnr.td;m:lypdlaoqmndncﬂupndl.p
housing fram the shell. Loosen the screws an the top of the & cap &d separat«
the end cap &nd {ion chaber from the lap and lamp housing. Care must be taken
so that the in chmber doasn't fall cut of the end cap and the lmp demn't
slids ot of the lap housing. Tiom the end cap over in your hand and txp an
tha top of {t; the imm chatber should fall axt in your hand. Place one hand over
the top of the lap housing and tilt slightly; the light souxcs will slide o
of the housing. The aplifisr bosrd can be rmoved from the lap housing asse-
bly by unsnapping the comxial comection and then removing the retaining scrers.

To reassamble this unit, first slids the lxp back into the lap houairg.
Placa the ion chamber an top of the lamp housing, checking to make sure that
the contacts are properly aligned. Place the end cap an top of the ion chmber
a&d replace the oo scxem. The screws should be tightaned anly encugh to seal
the '0" ring. DO NOT OVERTIGHIEN. Line wp the pins cn the base of the lxp
housing with the pins inside the probe shell. Gantly slide the housing assambly
into the probe sheli. DO NUT FORCE the assaably into the shall as it mly fits
s wmy.

EEADOUT INIT - T\zn the finction switch to the OFF position and discormact
the probe from the readout unit before disassebly is conducted (ses Figure 10).
Reoove the accessory power jack plug. Loosen the screw an the bottam of the case
and, holding the {nstrumant by the bezal, rmxcve the case. The power supply board
&nd control pmel can be raoved by unscrewing two screws and OWO muts. The entire
panel, including the function switch, zero and span pots is removed in this operacic
Electrically discamecting this module is sizple, since all comaections are made

with Molex camectors.

0-48
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5.3
1.

Specific Fmults 187368
o meter response in any switch position (including BATT GHY)
A. Eroksn meter movement

(1) Tip instrument rapidly from side to side. leter needle should
zove freely, and recuxn to zexvo. B

B. Electrical cormection to meter is brokan

(1) Check all wires leading to meter and clean the contacts of
quick-discamects.

C. Battery is caxpletely dead

(1) Discomect battery and check voltage with a volt-clm meter.
D. Check 2 ap fuse
E. If none of the above solves the prodblem, consult the factory.

Meter responds in BATT QX position, but reads zero or near zero for
all others

A. Power suwply defective

(1) Check power supply voltages per Figure 11. If any voltage is our
of specificacion, cansult the factory.

B. Input transistor or mplifier has failed
(1) Rotate zero contyol; mater should deflect up/down as control is . ¢
(2) Open probe. Both transistors should be fully seated in sockers

C. Input signal camection broken in probe or readout

(1) Check input comector on rrinted circuit board. Should be fir—ly
pTessed down.

(2) Check componants on beck side of printed circuit board. All cormec::
should be solid, and mo wires should touch any other object.

(3) Check all wires in readour for solid comections.
Instrument responds correctly in BATT GK, AND STBY, but not in measuring ™
A. Check to see that light source is on (See General Faults section.)

(1) Check high volcage power mpply (sse Figure 11).

(2) :ﬂm‘mdofpmbe. remove lamp and chack high voltage on lamp comtac:

(3) If high woltage is presenc ac all above points, light source has : s:
likely failed. Consult the factory.



187385

L All volteges messured with probe comnected and instrument
mode switch in BATT CHK peositien.

. il messurements referred te ground ( 2.3 and 27) except
2 &Zlmnwd:op“ﬂ“ndlum.

Ped 17
/-0180 10 +181

VYoits

Pad 18
*18 te #21
Voits

Ped8 =11 te Ped 20
-14 Velts =25 t0-10.5
Sattery Voitage Volts
L pade 211019 (21 low side)
(4.5 te 5.5 Veits)
All Voitsges Respect te Greund
pads voitage peds veitage pads veitage pods voitage
1 - 87V 9 - 122V 7 180V 25 0
2 GRD 10 - 121V 18 - 194V 28 0
3 GRD 1 0 19 - 0.8V a7 GRD
4 -107V 12 0 20 - Q7V ) 0
$ - 113V 13 0 1 - 1485V 29 GRD
8 - 123V 14 0 22 =400V 30 GRD
7 0 15 (o) 23 0 31 GRD
8 - 122V 16 0 24 0

Figure 11 Power Supply PC Board
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chemical Instrumentation

To: Saies

From: Q&

Date: 1 2-2i =T

Sutyect: Spsre Prodes) Calidraton of P1-101 for

LAW ENGINCERING AND TESTING WOB lIiC.

AP101. S/N Y1653 | was calbrsted to be drect resaing on Benzene
WIth fwO Drobe 2580mbhes. consstng ot a Q. 2e oV iamo( L 26D G )
prooe (S/N MICS? )anda _L1."7 eviemoi i3 3K 7 ) prove
«n.a.snz;m Calibration wes Derformed as folows:

The Q. 2. oV lamd Drode 83sembly was Connected 10 the umt and
CaLDrated [0 be Grect acing on benzens. The __LI."2 eV iamp
MWMMWWNWW"lm
the UNR anc adusting the soan to _ .0 ____ 10 resd Denzene directly.
Rezerong must De DErfOrMed with every Drobe assembly Mercnange.

The pertnent data & shown n Tabie 1. The unt is now calibrated

to read benzene orectly tOor DOth Drobe 433emblise. with the same
DOWer SUDDlY MOOULS. It 1S ¥MOOrIaNt 1O SMONSAIZE the! the lampe
CANNOt DO NTIUrCNANGEd DETtween the two ProDel. SNCE the NOMdual
Smpuliers are casbrated 10 amp outut.

11653

Tanie 1
Probe Lamo Lamo Soan 190 pom
Amp S/N oV} {S/N) Pot Senzene HNU
4yoS! 10,2 12096 9.% 100.0 K
4160 177 i23877 Y 0 00,0 =
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Pzt Yo
100004A
10000SA
100006A
100007A
100008A
100003A
100010A
100011A
100012A
100013A
100014A

100013A &
100016A

100017A &
100018A

100019A
100020A
4750-0001A
100074

REFLACRENT PARTS LIST

56

SECTIRI 6

187373

Assebly
Probe Shell Assedbly
Ion Chaxber
Fan/light Source Housing
Aplifier %oard
Fa
Light Source (10.2 eV)
"0 Ring Kit
Battery
Matar
Charger
Power Supply Unit
Case (both halves)

Straps

Pot (span)
Pot (zaro)
Probs Extension



18724
SECTION 8 SR
PI-101 RECORDER ASS'Y
INSTRUCTIONS
8-312x38 -
FLAT HEAD
2 PLACES
(= 1\
STANDBY 0=2000 \%
SATY 0-200
orr 0-20

=8y

nsnwucx-[[mx TIP JACK !\ A
STRAP SUPPORT 8-32X 546 [
FLAT HEAD | A
2 PLACES

L A o

Remve strap support n right side of PI-101 case.

_ HAnt recorder bracket betwesn case & strap support using 8-12 X 3/8 long screws s pl
Mount recorder to bracket using 8-32 X 5/16 screws supplied.
Camact harness to plug on rear of recorder. Insart power plig into receptacle or

side of case. Insert red pin plug into red tip jack and black pin plug into black
tip jack an P1-101 front panel.
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Publications on Photoionizston Availsbls from HNU Systems

(1) DOriscoll, L N. and P. Warneck, ““The Ansiysis of ppm Lavels of Gases in Air by Photo-
ionizstion Mass Spectrometry,” J. Air Poll. Cont Assoc. 22, 858 (1973).

(2) Driscoll, & N. and F. F. Spaziani. “A New insrumem for Continuous Monitoring of
Odorows Sulfur Compounds,” presentad at the ISA “stional Mesting, N.Y. (Oct 1874).

(3) Driscoll, L N. snd F. F. Spaziani, “Trace Gas Analysis by Photoionization” pressnted st
the ISA Analysis Insrumentation Div. Meeting, King of Prussia, Pa. (May 19751

(4) Phowmmtioo Detector for Gas Chromatography,” prassntsd st the Pittsburgh Cont.
on Anal. Chem. and Spectroscopy, Cleveiand (March 1978).
Requests for thess papers shouid be sent to:
Publicstiors Deparoment

C HNU SYSTES, INC.

160 CHARLE "\T ST.
NEWTON HIGHUANDS, MA. 02161

(617) 964~6690

' Loco\ Pepresentadive ',

r—

"By Doriels

(so) Q- 1410
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ADDENDUM A
to
Instruction Manual
for
Mode! PI 100
PHOTOIONIZATION ANALYZER

JON_CHAMBER CLEANING PROCEDURE

Although the technique of photoionization 1s not sensitive to moisture,
some electronic instadility can be seen in the 101 portadle analyzer as
the result of excessive moisture. The following chart 1ists the symptoms
expected, the possible causes, and solutions:

Poesible
Symptom Cause Solution
Loss in sensitivity Condensation on Avoid extreme
: {nstrument window temperature chano~-
Acclimatize in-
strument to environ-
ment
Zero drift Condensation on
polarizing electrode *
Jon chaaber is Clean 1on chamber

dirty
To clean the fon chamber: (See Section 5.2)
Remove the {on chamber. Remove all four screws, swing screen aside, and puil

out the mesh. Using a Q-tip, gently clean the chamber with methanol to re-
sove deposit . Dry in a vacuum oven at 90°C for 2 hours. Reassemdle.
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HNU MODEL 101 SPECIFICATION SHEET
Serial ¢4/ C 53

Calibration ENZENE y__ SD
Range: O -20. 0-200, 7~ -2000 FfM
Span Pot Setting: 9, 7 o2ev) . 4,0 (l.7ev)

Light Source Bnargy: 9.5 eV 10.2 &V 12¢9C 11.7 &V 33577
Sensitivity:
Detection Limic:
Accessories:
GAS Cowec. (PPM) ResPonsc
PREBG SN WILSST (10.2aV)
BenzeneE 1©0,0 100, 0
5¢,C
HNU REF 70
frepe sa 04507 (1.76V)
oo, 0
Benzene 0o, O ©
97,0 79.0
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pH 0-t4pH
Mithvolts =700 mv -
pH 0.05 pH
Milevolts S my
Precision:
pi =0.05pM
Miivolts =5mv
Relative Accurscy: =0.05 p'
SPECIFICATIONS
input Impedance >2.%x 10" ohms
Tolerable Source Resistance 0-2000 megohms
Amplifier Drift 0.5 pH n 24 Nrs.
Manusi Temp. Compensation 0 to 100°C
Battery 9 voit akaline?
Panel Meter 4'4° taut bangd with mirror-back
Environmental Rating:
Humuaity Range 0 - 90%
Operatng Temp. Range 15 10 45°C
Storage Temp. Range 0" to 80°C
Physical Data:
Dimensions MIMmMWx254Dx 102 H
(13.5Wx 10D x4 H)
Carrying Weight 1.8kg (4 D)
Shipping Wesght 2.3kg(S)
INTRODUCTION

The Fisher Model 956 Accumet pH meter 1S a portable. baftery-powered instrument ntended or fisls use
where rough handiing can be exPeCIec and whers leCtne Dower i$ NOL avauiable. Mounted on the front
panel are three SIMpie 0DSTatNg CONTroiS USEd {0 SEleCt Measunng fuNchon (piH or MV), to stancar *
instrument with 8 buffer SoIULON. and tu COMPENsSAs 1or SAMpIe temperature. The Meter 1S eQuIDe.
BNC and pin input jacks. A threaced SOCKet acCepts e elecTooe SUPPOM rod. The Meter movemer:. an
2330C13100 #1eCTONCS are Mounted on the rear of the panet, and can be compistely removed from the c:
for service (and bantery repiacement) Dy Simply removing four SCTews.

The Mooei 956 1s powerad Dy a supplied S-volt aikaiing batiery with an operatng life of approximate  1C
hours. The instrument empioys advanced operatonal ampiifier nput Qrcultry. thus using 10 sCvantage M
latest in sOiK-Stam technNoIOgy for OptMUM relabdity and troudie-free service in the maost demanaing

SNVIFONMENtS.

'Within 2 pH urwts of standardizaton.
1Approximately 100 hrs. operatng brme.
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UNPACKING 187334
The Accumet Moge! 956 1S SRIOOEC i 2 SINGIE CArON CONtAINING NE 1eMS 1SIeq Delow While unoacking.
check each MBm aQainst tne paCking ust It a ShOMage exists. NONify yOur representative. giving e name
and numoer Of the mussing iem. AISO De sure (0 COMPISN and retum the warranty carg located at the rear
of Sus manual.

NOTE: In the event that ShioDINg damage has been observed. retain the carton and packing matenal

mact with the unit and file a claim with the tinal carner. Usually, the frm will send an INSPeCctor 10 ascef-

Quantity tem Cat. No. or
: Part No.
1 Accumet Portable pH Meter Assembly 69388
Containing:
1 Accumet pH Meter 13-820-956
1 Beaxer. 100mL 41951
1 pr-9 Bottle 31222
1 pri-4 Bothe 323
1 Thermometer 31142
1 Support Rod 41831
1 Electroce Hoider 19941
1 Battery 40387
1 Comtanation Electrode 13-620-108
1 Instruction Manual 693689
OPERATING CONTROLS

Pror 10 using the Model 956. become tamiliar with the locaton and funcbon of each controi and connector.
All are locateo Insige the case (see figure 1) ana are cescnbed m ceasl below:
Readout Meter. An anaiog meter with a pH scale covenng 0-14 pH unds. and a millivolt scale covenng
= 700 millivotts. The scaies are gracuated in 0.1 pH and 10 muilivoit 'mcrements. respecnvely. and are mir-
rored 10 minimize paraliax errors.
Mechanical Meter Zero. A screwdnver adjustment that mechanically 2eros the meter pointer. With the n-
strument siting on a fiat, ievel surtace. the agjustment - st be made with the FUNCTION selector in the
OFF position 10 avoid siecinical deflection of the pouter.
FUNCTION Selector. A three-position rotary swrich used 1o disconnect battery power (OFF position) when
Measurements are nNOt being taken. and (0 SeieCt the Operatng Mode: pH for pH detsrminatons and MV for
milivoit measurements.
TEMPERATURE Control. A potentiometer that functions only in the > mode to compensate for the eftects
of soiution tempersture on the eiectrode. The control i3 continuously vanabie from 0° 1o 100°C with & scale
graousted in 2° inCrements.
STANDARDIZE Cortrol. A mutti-turmn potentometsr that 13 usad in pH determinatons 10 set the meter to
the pH vaiue of a buffer soiution. theredy compensating for the differences m the zero potental of electroce
sysmms. in mullivolt and recox measurernents. the controt establishes the millivoit 2ero reference pomnt on
the meter.
INPUT Jack. A jack that receives the BNC lead from the combination #iectrode. or any lead from an indica-
tor electrode with 8 BNC connector.

NOTE: If an Indicator electrode with a pin jack is 10 be used. the pin jack adapwer Cat. No. 13-620-490

shouid be connectsd to the meter.

REF Jack. A jack that recsives any singie-lead from a reference electrode with & pin connNector.

Support Mourntting Socket. A threaded socket (iImmediately to nght ul TEMPERATURE controi) which ac-
cepts the ¢lectroge suppon rod when iNstrument 1S 1N OPeraton.
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Figure 1. Controls 187335

B¢ TERY REPLACEMENT

The e expectancy of the supplied aikaine power csil (Eversady No. 522) is approumatety 100 hours of

1ota;  Deration. if Instrument usage does Not exceed 4 hours/cay. Low baftery power 1s indicated by 8 10Ss

of & uracy. 8rranc indications or no Mewr defiecton when the FUNCTION saiector 1s set 10 the pM or MV

posi - ns. A more accurate check can be made using a battery checker. When 30 doing, a reading of 50%

(4.5 O less on a SV battery) nchcates that the battery shouid be repiaced.

Idea the banery shouild be repisced with an Eversady No. 522 akaline power ceil such as that suppbe

with @ INStrument. HOwever. N an eMergency. & standard 9-voit ransstor radio battery (No. 216 or 2C

may ¢ used — but with a consiaerabty shorter lite expectancy. Addibonally, if a transistor ragio battery i

aliow+3 to remain in the INStrument dbeyond its useful lite, banery leaxage Could CaUSe damage 10 sensive

mete- Jrcuitry.

Whe  repiacement is required or when it 1s desired 1o check the battery with a checker. perform the

folio g:

1. Lt FUNCTION ssilector to OFF.

2 U Diug electrode leads.

3. F»move siectrode support rod.

4. F »move the four screws (2 along each side) secunng front control panel 10 carrying case. then ift panel
L. ana out of case.

5. 1 - snap connector. then remove battery trom hoiding chps.

8. { #ck or repiace batsry. then reassembdie instrument by generally reversing steps 1 through S.

PRELIMINARY PROCEDURES

Prior :0 making a pH or millivolt measurement. the mechanical zero of the meter must be checked and the
siectrode sysiem muyst be property instalied.
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Checking and Adjusting Meter Zero 187336
Before INMMal USe. the MEChANKCA! Zero of the Metsr MOovement Must D cChecxed and. i necessary. ad-
umed. The meter ponter ShOUIA inaicate precisety 7 o (OF 2er0 Meivorts) with the FUNCTION selector se!
© OFF It the above concibons are not met. adjust the MECHANICAL ZERO. usng a sman screwonver.
vl specified inqication s oblained.

Installing pH Electrode System
The Mode! 956 is supplied with a plastc-body COmDINAtON $lectrode that s especially suited 10 the rugged
congrhons associated with field work. The INPUT and REF jacks will accommodate ali other inaicator and
reference electrodes that empioy BNC and pin cabie connectors. respectively. The suppiied $+ectrooe
holder CONLAINS OPENINGS fOr ONE Of TWO SIENASNT SI2e SIeCTOde CapS.
NOTE: At tins count. the electrode(s) shouikd e property conditioned according to the menutacturers
nstrucuons.

To mnstail the: supphed COMDINALON SIECtro0e. Derform the following:.

1. Unsnap the support rod from its moided cCase compantment and screw (Clockwise) the iireaded end
INto the socket n the metsr penel.

2 Instail electrode hoider (see Figure 2) on support rod by depressing plate on underside of holder. shoing

3 Remove the plastc cot from the tip of he electrode.

4. Slip electrode body into siot on either side of hoider and lower it until cap s firmily sealed.

5. Otserve that FUNCTION ssilector ts set 1o OFF. then remove shorsng cap from the BNC jack.

6. insert the round BNC connector jack onto the INPUT jack.

7. Check elactrode system effiency Dy standardizing in a buffer of known value and measunng n a sec:
ona butier by generally following the Standardizing Instrument and Performing pH Determinations
procecures in the OPERATION section.

& The electrode s now instalied and ready for use (see OPERATION secton). When not in use store the
leCroce as airected by the foliowing procedure.

OPL ATION

Separale procedurcs are provided below for standardizing the nstrument. for pefforming pH measure-
ments. and for performing millivolt measurements. Note that in ail the procedures that foliow. the FUNC-
TION seiector shouid always be in the OFF pos/ion when immersing Or removing the electrmde system
from solution. This oractice avowds meter fluctuabons that may damage the movement. Also the FUNC-
TION seiector mus: aiways De set 10 OFF when the instrurnent is NOt 1N USE tO0 avOKd uNnecessary banery
aran.
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Standardizing Instrument 187387

The Mode! 956 13 cakbrated at he factory 10 maicate the exact pH of soluhons measured at 25°C. using a
SgNal representng the teoretcal potental of a 100% efficent slectrode system. However. the actua b
tential Of SaCh ¢ieCtrode Sysiem vanes shghtly from the theoretcal ang shits the calibranon pont. For = -
reason. the nsTument Must D8 SIANGArcized PNOr tO PEMOMUNG ONE Or & senes of P OetermMINatons
The Mode! 956 18 stanaardized as follows:
1. Set up electrode system as descnbed under installing pi Electrode System.
2 Place a buffer container directty under the ¢ecirode System. then lower slectrode system mto bufie:
sotution. :
NOTE: Always situate bufier and sampie CONAINGrS N Ca3e COMPArTMeNnt Provded 10 avoxd damage
from sodiage.
J. Immerse the supplied thermometsr into the buffer solston.

4. Aliow at least 2 minutes for the eiectrode and dufler systems 10 reach thermal equilibnum. then set the
TEMPERATURE control t0 match the thermometsr ndicapon.

. Tumn the FUNCTION selector t0 pid.

6. Adjust the STANDARDIZE controtl until the meter indicates the exact pH of the bufier as determined
from a bufter pH-versus-lemperature tadie (usually supptied by the bufter manutacturer).

NOTE: Due to0 the tgh impedance charactenstcs of the giass membrane. the connectng cable of 1!
electrode shouid not De MOved Of OUCHed while MeASUIeMeNts are DeiINg PertorMmea:; otherwise. uns -
bie meter iIndicatons May resuit.

7. Tum the FUNCTION selector to OFF.
8. Remove siectrode system and thermometer from the bufter. and nnss them with distilled water.

Performing pH Determinations

Proper use and care of slectrodes are fundan.ental to achieving reliable pH determinations. Therefore. .
Instructions supphed dy the electrode manutacturer shouid be caretully followed.

Assuming that the instrument has been property standardized, 3 pi4 determinaton i3 made as follows:

1. Be certan that FUNCTION seiector 1s set 1o OFF.

2 Place sampie container in Case comMparnment directly v, ath Slectrode system. then Iower $iectroty
sysiem nto sampie soluton.
NOTE: Always situats Sampie CoONtainers :n COMEAartment provided 10 avowd damage from spillage.

3. Place the supplied thermometer INto the sampie. and allow &t least 2 minutes for electrode sysiem 3 o
Sampie solubon to reach thermal equilibnum,

4. Set the TEMPERATURE control to match thermometer indication.

5. Tum the FUNCTION seiector 10 pH. and read the pH value of the sampie directly from the meter.

6. Turn the FUNCTION seiector to OFF.

7. Remove slectrode sysiem and thermometsr from the sampie. and nnse them with distilled water.

8. Repeat steps 2 through 7 for remaining sampies.

9. Upon compieting final determinaton each day. be cenan that FUNCTION selector 1s m OFF posiion.
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Performing Millivoit Determinations 187383
The Modei 956 is 8 convervent too! for MEASUNNG $HECIrode POENTAl an0 INaICalNgG results over 3 - 700 to
+ 700 mullivolt range. There 13 N0 NEed 10 SIANCATTZS the NSITUMEeNt with a bufter Or compensals lor SOiu-
ton temperature. Reacngs Can De 1axen as SOoN as the Milivolt 2ero reference point 1s eS1aDISNEd. with
no AXther SIANGArcIZation NECeSSary.
Assumng that the electrodes are condioned and instalied according to nstrucions from manutacturer. a
mullivolt measurement (s Mace as lollows:
1. Be certam that FUNCTION seiector 1s set to OFF. - ]
2. Connect the shorung cap 1 the INPUT jack.
3. Turn FUNCTION seiector 10 MV position and adjust STANDARDIZE control untii meter indicates zero
muthivoits (Or any other cesired vaive).
4. Turn FUNCTION seiecior 10 OFF. remove jumper. and connect e:ectrode ieadas to INPUT ana REF
jacks.
§. Place sampie container n Case COMParment directly bensath slectrode sysiem. then lower
system into sampie soluton. .
NOTE: Always locats Sampie cContainer in COMpanment provided to avod damage from spiliage
6. Tum FUNCTION selector 10 MV and read eiecincal potental of soluton airectly from maeter.
7. Turn FUNCTION seiector o OFF.
8. Remove electrodes trom sampie and rinse them with distiled water.
9. Repeat steps 7 through 10 for remaining sampiles.
10. Upon compieting final dewrmination each day. be certan that FUNCTION seiector ts in OFF position

SERVICE

Solid-state components and easily accessible assemblies simolify servicing of the Mocel 956. The following
INfOrmanon 18 given 10 ai0 qualified Service Personnel and heip Miniraze downume. The iNformaton in-
cludes 2 bnet circuit deSCNPBON. & troudieshootng QuIne. PrOCecUres 10 Check Instrument performance.
buffer aCCUracy. eecirode Sysiem efficiency, a Procedure 10 remove the maisr panel. and caibrabon and
checking procedures. Also inciuded at the end of the manual are repiacement pans and a schematc. In
aodibon. Fisher Scientfic Company mantans a company wide instrument Service Dmsion with fully statteg
S8fVICe COMers 10 assist with any service prodblems.

Understanding the Circuit

A singie. operabonal amplifier in the Modet 358 circuitry provides the necessary high-mpedance nput as
well as the ampiificabon required to dnve the anaiog meter. This and the use of three diodes in the refer-
ence circuit taciitates meter iIndicanon of either polanty as well as excelient banery voltage stabiity over the
ontire INSrUMEnt range.



Troubleshooting Chart

It the nstrument 1s NOt ODEraling property. seiect the SYMPTOM category (Deiow) that Dest gescribes he
0perasng MalfunNcion. ana proceed 1o cneck the PROBABLE CAUSE areas given unoer me category -
taking proper CORRECTION acton as airecteo.

NOTE: The Mode! 956 ' a precision. ¢/ectronic Instrument and should only be serviced by compe

TaNed Dersonne.

Symptom

1. Meter pointer goes
not respona to any
FUNCTION switch
postion.

2 Cannot adjust meter
1o inchcate pH of
butfer for
standardizanon.

3. Meter pointer arfts.

4. Meter incicates the
same pH in any
soluton.

§. Results incorrect.

Probabie Cause

1. Battery cdetectve.

2 Open circut n meter.

3. Detective FUNCTION switch.

4. Detective STANDARDIZE control.

§. Detective Op Amp.

1. Eiectrode
2. Butter aetective.

3 'Dcfocnvo nput crrcurt.

4. Electrode not properly immersed
1N solution.

S. No soluton in reference cawity of
electrooe

6. Amphfier defective.

1. Electrode defective.

2. Detective mput circuit.

3. Defective FUNCTION selector.

4. Solution being Measured is un-
buffered and exposed 0 ax.

1. pH-sensitive sscton of electrode
cracked.

1. Electroce defectve.
2. Bufter gefective.

3. Amplifier not operating property.
4. Meter defective.

S. Electrostatc charge on meter
glass face.

8. TEMPERATURE Control knob
misaligneg.

7. Instrument out of calibraton.

B-10
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Corrective Action-

1. Replace banery.

2. Replace maeter.

3. Replace FUNCTIOM switch

4. Replace STANDARDIZE controt
S. Repiace Op Amp.

1. Replace electrode.

2. Replace bufter.

tost fauis. check circun continuity
with low voltage ohmmetst.

4. Make sure 1p of eleciroge m-
mersed at least one Inch.

S. Aad it solution 1O ruterence ¢ -
ty (nonget-filled onty).
8. Replace Op Amp.

1. Replacs electrode.

2 (Same as 2 and 3 above)

3. Replace selector swiich.

4. Use proper sechmique for me- -
ng unbufiered solutions.

1. Replace electrode.

1. Replace electrode.

2. Replace butter. Also see Check-
ing Buffer Accuracy.

3. Repiace Op Amp.

4. Repiace metwr.

S, Apply anti-stapc solution to meter
face.

8. Realign knob as directed unde
Calibrating pH Scale and Tem-
perature Control.

7. Recaiibrate as directed uncer
Calibration Procedures.
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Checking Instrument Performance
Whilg perfonming the following procedurs. here should be itle. if any, dnft and fiuctuation in the meter
needie N erher the pH or MV moas. The presence of anft and/or fluctuabon INOICaIeS an instrument cetect
instrurment periormance B Checked as foliows:
1. Connect shorung cap to the INPUT jack. (This shorts instrument input.)
2 Set FUNCTION Setector 0 pH posion.
3 Set TEMPERATURE Controt to 25°C.
4. Adjust STANDARDIZE Control unti meter indicates 7.0 pM.
8. Tum STANDARDIZE Control to full clockwise and full cCountsrciockwise positions: meter shoulkd indicate
at least 4.0 and 10.0 pH respecuvely.
NOTE: This demonstrates that STANDARDIZE Controt has sutficient range to compensate for the zero
potential of slectrode sysems.
6. Set FUNCTION Selector to MV.
7. It shouid be possible to adjust STANDARDIZE Control unti! meter indicates 0.0 mithivolts (center scaie).

Checking Buffer Accuracy

The most practical way 10 check buffer accuracy is 10 substitte 8 questionable bottie of butfer with 3 frasn.
unused bottie. Some buffers detenorate with age. but CoOMamnanon 3 the PNNCIDE! Cause Of INacTuracy. A
COMMON Practice is to regularty use two bufters — ONe as a working buffer ana one as a check butter.

Checking Electrode System Efficiency

Once instrument performance and buffer accuracy are found 1o be sanstactory, check efficiency of elec-

trode system as foliows:

1. install comdinanon electrooe.

2. Obtain two butfer soiubons that are several pH units apart i the 3 t0 10 pH range.

3. Standaraize the instrument with one ot the bufiers (as directed by Standardizing instrument orocecure
given n the OPERATION section).

4. Deterune the piH value of the other buffer (as directed by Performing pH Determinations procedure
n the OPERATION secton).
NOTE: The resuft of this determination shouid be within 0.1 piH unts of the known buffer vaiue. 11
not. repaK Or replace the Secroce System.

Removing Meter Panel

Most service procedures. such as battery and component replacement. require that the maeter panel be

removed from the cass. This can be accompiished quickly and easily as follows:

1. Set FUNCTION Selector to OFF.

£ Disconnect electrode system from meter.

3. Remove silectrode and electroge holder from support rod, then unscrew rod from meter panel.

4. Remove the four screws (two aIoNg SACh Si0e) SECUNNg Metsr Panel 10 CAITyINg case. then lift panel up
and out of case.

$. All components are mourmed to rear of panel and are now easity accessible for service.

Callbration

The Model 956 is factory calibrated 10 pertorm within the stated pH and MV specifications. Under normal
conditions. this calibranon will y1eia sansfactory resuits over a Iong tme penod. However. i 1S recom-
mended that the instrument dbe recalibrated annually or after any arcurt component (except batiery) has
been repiaced. An intemal component view of the meter 1s shown in figure 2.



Figure 2. Internal Componerits

Caiibrating Millivoit Scaile

The millivolt scale 18 calibrated as foliows:

1. Perform steps 1 through 3 under Removing Meter Panel.

2. Remove the four screws (two along sach $i3¢) secunng mater panel tO case.

NOTE: For calibraton purposes. it is NOL NECESSArY 10 TEMOVE PaNe! irom case SinCe calibrating P
tometers are accessibie Dy kfting panel up from ieft side.

3. Check and, if necessary, adiust the meter mechancal zero as directed under Checking and Adjusting
Meter Zero.

4. Connect the supplied shoruing cap to the INPUT jack.
S. Tum FUNCTION Setector to MV positon.

6. Adjust STANDARDIZE Control until meter indicaies exactly 0.0 mV. then return FUNCTION Selector
OFF.

7. Remove cap from INPUT jack and in its place. connect a miliivolt source (with accuracy of 0.1% or
beter).

8. Adjust miliivolt source to procuce an output of + 500 mV.

9. Mode! 956 shouid indicate + 500 mV. It not, readjust R2 on circurt board until + SO0 millivolt indicavo
1S obtaned.

NOTE: Postive deflection of meter 1s 0 the left of the 0.0 center position. -
10. Reverse polanty of millivolt source.

11. Mode! 956 should indicate — 500 mV. If not. readjust R2 until the meter indicates midway between
~ 500 mV and the incorrect negative reading.

B-12
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Calibrating pH Scale and Temperature Control 18% 3932
The pH value of 3 SOIHON 18 generaily JEDENCENt UDON EMPErature. NENce. the accuracy of a pH scae s
dependent upon the accuracy of the TEMPERATURE Controt. Consequentty. Doth these components are
calibrated i COMUNCOON WIth 8ach other as foliows:
NOTE: It is recommenced that the mV cakbrabon procedurs be compieted betfore cakbrating the o
scale. Therefore. the Drocecure given DeIow aSSumes that Meter pane! s NOt Secured to the case anc
that the muliivolt SOUrCe S Still connectsd to the INPUT jack.

1. Set millivolt source 10 00.00 or discoNNECt SOUICe NG CONNECT ShOrtng Ccap 10 the INPUT jack.

2. Tum FUNCTION Selector to pH and. if necessary, readjust STANODARDIZE Control until meter incicates
exactly 7.00 pH.

3. Rotate TEMPERATURE Controt to fuil clockwise and tull counterciockwise posmions. Knobd ponter
shouid approxsmately akgn with the O to 100°C scale marungs. If not. ioosen the two XD setscrews
and realign knob until above specificatons are met.

4. Set TEMPERATURE Control to 25°C.

5. Connect millivolt source 10 INPUT jack (it disconnected in siep 1) and adjust mullivolt Source 1o supply
an output of + 295.78S mllivolts.

€. The meter should indicam 2.0 =0.3 pH. if not, adjust R10 on circut board until correct indicaton s
obtained. .

7. Reverse polarity of millivolt source.

8. Mewr should indicate 12.0 =0.3 pH. It not. readjust R10 untili meter indicates m:dway detween noted
reading and CoITect readng.

NOTE: if desired. Mode! 956 pH scaie can be calibrated using buffers. in thes Case. instrument shoukl
be first standarcized with & pH 7.00 bufter and then calibraied usng a pH 4.00 and agustng R10.

9. Reassembdie insrrument by generally reversing sieps 1 through 3 under Removing Meter Panel.

Replacement Parts

mmm.mmmﬂmm.NMmmm.mmnu—

ranged in assemdly to subassembly breakdown. That is. the hughest order assembly appears first. foliowed
by 13 subassembly make up. Non-field reparabh - s3emblies Or subassembiies are not broaen down into
mmm.mmmmuwmnmmummmwm
s manual, and SUBSEQUENt revISiONs May Nave occurmed after publicaton.

8-13



18




YS| MODELS 33 AND 33M S-C-T METER

INSTRUCTION

Tae TSI Bedel 33 and JIE 3~C-T Baters are pertadle.
attery povered. traasisteriied astruments desitaet te
AUTRTOtALY B0ASREY SALLALTY, CURdNStiVILY aad temaperee
ture. They we & prede oeasistiag ot & Tegped. plastie
conductivity osll and & sresisien TSI thecnister tamp~
STATUSS SGASEE SERbiaed 13 & s1Rgle mait.

Condustivity vith the Indal 3) 15 exyresced & wigTy-
shes/esatineter: vith the IR, it as sillisiemsss/
seter (a8/8). Thase age seasurenuets of the electrimal
contustanss the sampls weald shev if ssesured betvess
oppesits fasen of & L @& cubs. (Comversisa iatermationt
1 siccembo/an * $.1 af/8.) S4liaity 15 the smmber of
seams ot salt/kilegram et samsle (PPt- = parts pet
thousand). ThiS ssasurensat asouRes t3¢ sampls e~
ta188 & “standasre® ses vatsr salt nixturs. The samdle
teonperature L5 asasured ia degveus Calstus.

$41131t7 messcrensats are MManallyY tuEperatute conpes”
sated My dizest dial. Condastivity MSASUTOREASS &F9
9t tUEPETITEIY GEEDANAAted: DUNUTEE., I tGNPURATWNY
tsastion 13 previded en e Lastrunest te sid eith
eslenlation of cosrestions. WMas temperitize and e~
$26ti173ItY afe IMOWR, it 19 pessidle tr caleilate sal-
12187 and 7268 suly temperature and eslinity are
eve. it 12 pessibie o caleulats csadastivity. Tiis
18 dissusned i) the sefism @ Recalibratise.

CPCIFICATIONSG
Indal 33 Candestivity

Langes: ¢ to 00 (x1), O ¢t 5.000 (210). and O o
9%4.000 siccwnlee/@a (2108) wita TSI J300 Secires Predes.
(Bota: The “HiGrends® 40S148t1008 oA tHa meter are &
shegtiand tera ter “micreade/@n”.)

Agenracy: (Sas Rxrer Sectims)
41.50 aax. errer at 300, 5.000 wad 30.000 sins prede.
21.00 aaz. erver ot 208, 2.500 and 25.000 3ias prede.

YSI Scientific

Readadilicy:

1.9 aacronase/@ e 300 aicTremde/cE runqs.

I mcremass/ed e 3.000 cictesmse/en range.
I sicTenhes/ean e 30.000 gicrenne/em TaAgs.

Teapegsture Coupeasatisn: Seme.
Sedal 138 Candustivity
Langess

¢ te 3 (xl), ¢ to 300 (m10).
af/e with TII 300 Sacies Predes.

aad 0 te 3.060 2

Asguregy: (Sos Rrrec Sectimm)
¢3.30 aaz. ocTer at 30. 300, and 3.000 plus srede.
23.00 aam. orver ot 13, 130, amd 21.300 plus prede.

Seadadility:

0.25 et/ ea %0 al/e ramee.
1.9 af/n en 300 af/s tanee.
33.0 at/u e $.000 ad/a caage.

Teapesatare Caspatsaticn: BSess.

|

age: =40 PPt ia tempersture rasge of 21 0 -4
VAtALA specified coaductivity raage st O te %0
meTemha/an (0 T $.000 as/n). %08 chart 13 sectis
ssalidration.

(800 Eyver Sectimm)
Iilwd'!: 0.9 mt sU 60 99t amt *0.7 gpt ac 20O
9t Plas CUMdRETIVILY Preds.

Selow €%C: .1 PPt ot 00 gpt amd  +0.9 PPt at 20
POS SlNS CERMNSTIVILY pEede.

tontahtlityt 0.2 syt @ 040 PPC TaAGR.

Coupsnsstisn: Bassal My direst Qal
3 9

Teaperstare Bamge: -3 te *W%C.

Mowmreay: 90.1% at -2%C, 0.6% at 0% nw |
{Ses Bryer Sestimm)

Baadadality: 20.15% at -3% te #0.37°C at W',

fover Supply: Twe D-siss alkalise datteries. Ive
90 or ogmivRLoat. PCOVi4e APPTERINALLLY 108 Mm
[ .7 N -

1astrensat Mabieat Raage: -3 to «43°C.
ot 0.1% o the resdiag per ¢
LOmperatare cas oscur. This efrer 13 30¢liTadle !
AAStTRRSAt 10 resdiustad te redlise (e cacd TsMd

(VT vetow sprags. Oten 443857 U3A  Paome 13 7677241 + 630 343-HELP

E-1



oz 3990 sanee Muwn—?m rese
-me-c: e d/m (£ $0/0)
sosuresy: ST of TOOdiRg (or comdnetivity aad salisaty.
mrrer of %0.1% at 0°C aad c0.3% at eotc.

lotwy

1. Mjwmt mter zsre (if sesussary) W turaiag the
dalslits ssrev en the weter 209 os ST the MetOT

neodle £03561488 vith the 5Ore ¢S $348 €PAERERIVALY

segle. .

3. Calideuts the sater MY CursiDg the MDES emstrel Co
IEBLINR ead adjontiag 20e LE3LINE esatrel s the ester
seedlie 11008 © 7With the Tedline @8 e ester faee.
I2 this cannet be orcsuplisbed. replese the hatteriss.

J. Plag the prebe 1ats the Wede 1ok & the %1de
the iastrumest. .

4. PNt tha prebe ia m.-lut- to be ssasursd. (See
Prede See.)

Tenparstare

8¢ the AR cvatrel t¢ TEEVERATURR., Allew tame feor
the Prede tomPerIiure (6 GEBe to eguilibeiws vith that
of the wuter dafere reading. Lead the tamperature @
tAs dettan scdle of the @stet 13 Gogrees Calsawa.

3. Ivited to 210N. If the readiag i3 sbeve 300
serenhe/@ (30 af/ul. the saliaity vales is deyvad the
S0ASRTIINSE FEEge.

3. It the reeding (s i3 range. switsd te SALINIYY asd
road SAlinity e the red 0~40 ppt sster ssuls.

¢ Dogpress the CELL TEET Duttsa. Tae fall ia sstee
988 than IN: 1L 4t 13 ¢rester, the
Jeehe 15 loulad aad the msssursmeat 13 ia esTeS.

187335
nree
TN SAKLINS erver 13 & resdiay a3 |
LNE A4 FTAPRS L2 the (ellemiag ser
mnﬁ frrer
56 tamperature s5Ale 13 Cesigned 0 §_-¢
SAliS1TY GETEC VRem Ctemperstusy Cteeslags
SNIPeRSSte SAL12ATT BeaAsurenests.

Mewe MOUe t8tal errer tar prede .

*
® @ o b b OO e

mter Resdiag: 1%

Tetal Mver: o.¢%

devanaey? 13% +9.4% teor wyore ¢
w'

Coadustivity Exver
Figwe 3 showve the werst-case Csaduety Y

SURSTIAn @ TG cunductivity readiss o ¢
(2STTWINEt sunbised.

TN
L1 =3
[ ] ‘7 4 L
» - - -
wsrendes/®m  SCALE
[ ] - » .
as/e ¢ SCAR
770088 3
fample
Bter Seadisg: 368 aigrendes/a 138 8.
Seales ne
S Meading EXTer: .30
Jssnraey: 1608 <163 sicremd /c

as/a) tor pTRbe AV ¥



of
[13V5. }
__]
o; - = » )
pot- SALINTYY REASING
rIOms 3
tzansie
Beter Readiseg: :O’:u-'"“
¢ of leatiag Ervee: §.
Ascuz oyt 10 pot +0.63 ot Cler all esress.

N 187337

™6 1760t i cumposed of TS parts: & smitimidesce
ad vitehing tramsisters. The waitivisrater preduce:
3 0QUARS® Taveters 'eoltage. e ogeale w?e 15 aPliec
te tYe FTItEALAG tTaMsiscers. TASY altersately el
T Datteries of eppusits pularity ts the prede tdws
providiad AC pesEr WaACA QrAiAIZNS pularizaties of-
tests. The eeter 15 13 seriee Mtk epe dattery aac
oN4sUred the eurvent tres it. Me curreat (rem e

€128818 "Rigk Lacledes & seer-adjusted teaperatsre
CURpeRSSter. I8 the tanperatars. redlise and 51 pee:-
ticas. the smitividester operstes 4t 1008S. L the
€)A1Y, 1100 asd 310 pesaticns the ssitividracer

> Bettary replassmsat 18 1sdicated
000 6 Tedline od)USTROAT CARESt DO scTeEPlisded.

1081000 datteries every ¢iX asutds te roduce the daage:
of GorTesieR ¢ne t0 leaXy datteries. 9 Ceplice -
eSTOWS fTwm e rear cever. T

caler codad. The positive ead sus!

808
e8sa
—AnA—
3 Y

OTRS: .
fes1stinee "Uloes 18 ehas. K = 1,000,

Lagistars
are 173 8, 108, waless ethearvise specified.

sastery 15 § sise. allalise wmly.
T eguivaleat.

tversady 3-98

7045 SEREBATLC 15 TOPreseAtative aa
207 do siigatly diftereat tres (B¢
€12euit 13 yUur JASTTEBSAt.

792 BOSEL 1) AED 13B SCEREATIC
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SCALIIRATIES

fecalidration sheuld de dese at the tactery. (¢
argenty toCLlidratiss 18 ANCesssry, Mevever. eee sf
the proecdures ¢aecTided Deise say de atteadted.

1. 090 this sethed if the temperaturs INGL LS Decenme
lesse ef siipped LTem 1ts dermal pesitiea.

s Boad the censerature and coaductivity of & sample.
Seteruinge the salisity of the selatien MY russing o
1180 vertically es the Calidraties $sadh tres this
conductange valwe watil 1t Latersects the appresTiite
8¢ 1130 (1aterysists a8 reguired fef temperstare be-

P
187395
Coad tas ealaimity ter this samwis.

txample: 213.000 aicremdes/ca
fives & salisaty of 17 ppe.

{3.%00 o L

b. lensve the temperitare taed. svites ¢. .33
turs the evarel shaft wstil the eoter seedle .
the salisity valee determined i Step ¢. 3
Wels gives. the valws 15 17,

C. Jvited ¢ TERPERATURE  and oote tde resd:
P004ing sust be the sAB a8 Step 1B & L’ it
SOP1a sgain. Raplaee the Xed (vitdeet us
coatrel shatt) w1t t3¢ petater a4t the i

tvees ths g3ven °C lises). fres tiis 1atecsection POTAtUrS 08 the aeter r0ad10¢ aa¢ tighten !
extend & line derizsatilly ts the edge 6L the ¢TIPA O SCTOVE seuwnlely.
- - . -
f =1 - I | T /1 A
[ .ol , - |
-'E—.'. . ""..‘:...' ] ' ! # ' / '.
=F el ey |
= EdL A AL
bl e ———— =
= =
- - — -- — — -“- -
— Fr = K
— > ————
- -
—— ==
e
—_———— ==
- 1]
| '
i ]
l » =
2 —
° -3
i ==y

= AT

VRS & aith
.- L4 1 |

) 2 |

.~. ) l \

(7T

' . » [
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1. Teu 827 ese the resister iad cajaciter MeelNd saom
12 the SBSCEl o oudstituse (6T tBe prese 18 the tel-
loviag@ reeLliiTEtIon pTVEedNEY. -

.. 3¢ e u.u-c fer o salisity seasureseat s
sstuad.

3. Mbstituge & 1000 sacrefarsd capssitecr ad  L113.7
oan 0.1 toleranes resistec {oF the prede.

Coaseft the resister and €apaciter betvesa tie ¢rvees
vite and red VAre ea the }aSk CUAAUCtises Aside the
wastrusest.

o " 1l
vV IR
GAREN vang nar 1008 of
”m
AgD mag
o

c. Turs the temperaturs 4ial uatil the seter reads
redlane.

4. Reiastall tha temperature k3el vith the 4LTEV at

TAis 13 & temperary calidraties ealy. leturs the 18-
StTERsat te the fastery ter preper recalidratisa.

752 3388 SELINS CONBWCTIVITY/TENPEALTERE FRoass
Sesaripetisms

These redes are desiened aad constracted for reg .
AOFRSEte SesTIE 1s fiold wse. The cemdmetivity c..l
mastant 15 $.0/en (300.0/3) °IN. Rach prede ceat

4 presisies TSI thermister temperature seaser of 0.1
seruresy st 0°C aad «0.3% ot W%, e lev casema-
tases esble assemdly termasates i 8 taree termiasl
0.33° d1a. phmne pleug.

Tae 3310 das & 10 teet cable and tae JII1 & %0 test
casle. Other leagtis ire availadle o8 special ovdes.

The prode das & rigid P.7.C. dedy. platinised pure
81838] clectredes. ane 4 regyed cadls.

Qeenisg mad Sterage
Clesarag

Taes the soll test iadicates iov resdiags the sredadle
€3886 15 4irty olestredes. Gard vater depeeits. eilsg
484 oresAle aatter are the amst lilaly ceataminaats.

Tor esavenient asermal cleanisg seal the electredes
tese § aiastes vath o leecally svailable bdatarses tile
cloaning preperatisa sesh a0 bov Qamizil “Satiress
a4 Qreme Cleaser.® Jedases ¥ax “Eavy, lastast Clsas~
e2.” of Lyvel Srasd “Basia. Tub. Tile Cleanes.®

For streager ¢leaming 4 ¢ atnute seal ia & selstiem
sads of 10 pares distilled vater, 10 parts isepeopyl
alehel aid 1 part 6C1 cas be uwsed.

Always riase the prede therenghly ia tep vater. thes ia
::::xuu oF dsienized vater after cleaming aad detere
e,

CADTION: De 2ot towch the electrodes inside the prede.
Platiaus Dlaek 19 seft and cas bs seraped off.

E-5

187339
$2 cleaning ¢oes oot cestece
eOPLAtIALILNG 13 roguires. e ot pertens

tetage

It 10 Best te stere cwmdnetingg

v eells 13 tere
vater. Colls steced 18 vater requize less (rw
slatiaizatien. ARY €8ll taat  aas deen steres
00ult Do sealed 1a €e208130¢ vater fer 14 dewrs )¢
0‘. -

teplatiaization
1. Qlean m.nn

3. Plase we eoll 12 1 % al (appremaste) )u
bealer and 4dd coongd TII J140 Platindziag Selutie
CEver e electredes. 09 a0t cover tae tey ot
prede.

1. Pleg the prede 12te the Bedel ) o7 IR, swrr
the 1100 sedle te piatinise the oelrctreses. NReve
prede sligatly te eStail the 2ighest seter readise
centines PLAtIAISLAS f6F the apprERImate tise
below:

Beter Reading Tine .
acTeades/ @ as/a fasuee:
10.000 1.008 s
13.000 3.900 ¢
36.008 1.000 [}
15.000 1.900 1l
10,000 1,000 16

4. Atter the ¢lepsed 100, remmve 36 Prese and ¢
1A 2P *ates. thea iA distilled ov deramizes vates.

S. fetara the osslistisn te ity eesmtainer. I o3
ssistisn should b suiticient fer %0 trsatasets.

Peebe Goe and Prosustions

1. Chstrectisas asar the Prede caa disturd read
AC least tee Laehes of clsaranse sust be glleved
sea-astallic wadesveter ebjeets. Betallic o)
SRR 08 PI000 OF WUiIgEtS Adeuld Mo Rapt At lew
i\aehes (rus the prede.

3. Torghts are attashed to the eabls of the TII
and 3111 Predes. The T3 1327 Tei14ats are wepplie
Q1SS Vil ¢ totdl VS1GAt of 4 cmest por piz. D
1t DOGERS BOCUSSACY te add BOTS WeiLght te ever:
« U0 CRGPUSt Linitine the tstal w
(9 saire). Fer verghts 13 amsess of
tadepandant NSPensies ®able. In o3
anst 30 Rept ot least ¢ Lashes svey

L
Ll

1. Gaatlie agitatisn MY riisiag aad leverisg the »
S BOASUTeBNEat iasures (le
apreves

i
|
i
i

eite {3 leag cidblen
capecitinse and resistanse WALE Will effest resd:
e rocoumanded vey to eorTest for 20ese isflvesss
by we of TSI Camgmetivity Calidestsr Selstions
eiow), wateh e*ill permit & estiaate ef cerrec
It these seluticas are set svailabdle.

be used ter the serrestie

¢
;
;

eta
erTers coused MY cABle resiIstaRSY 4Bd CAPACITANC
spesial leagth vernieas of the 3316. 3311, 3-17%0)
swebes
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TAMLE {: COSDUCTIYITY SORRETTINES lJ v 7 LEADING)

tadicated cadle Leagtd 13 Poet

Candaatyivity

Magpe whe/am 10 W 100 2007 Je0 308 1000
- 3 198 <1.0 4.0 R n n n n
[ -9 08 €.3 1.0 1.0 .0 4.0 W n
e 90 -1.3 =40 W n a =n n
e 1000 4.6 )0 4.0 B =B =B =
“ 000 2.1 4.9 -1.0 3.0 3.0 4.0 [}
2108 16900 <€.06 0.3 0.6 -1.1 -l.3 <30 4.0
2196 300080 ~0.01 <0.0% =01 0.2 9.3 4.§ -L.0

* s rov Ldicates the offeet of the chasee frem 100
I te 600 82 veen thA LBATTURGAT 15 sVitehed tO the 210
cange.

R repsesests esaductivity levels vhiel ve do ast
Toommnnd for Jredes vith the iadicated csble leagths.

TANS II: TENPRRATURS CORRECTIONS N °C

Iadieated Cable Langth ia Peet

Teapersteie
S 1 6 100 100 8 %0 1000
) SONE SONS DUNE NDONE 8.1 0.3 0.4
i SONE BOEE UONE 0.l 0.3 0.0 0.8
3 BOEE BUBE 6.1 6.2 0.3 +0.% 1.8
» BB BONE 6.1 0. 0.4 0.7 oi.¢
™ POER +0.. 0.3 0.4 0.7 1.1 4.3
s SER 9.3 0.3 0.6 1.0 1.8 3.1

SORE indicates that the ecrrectisas ere less thas 0.1%C.
TABLE IXI: SALIETYT COREECTIONS ¥ PARYS PER TROUIAND

Temperatare 8 Cont:5iivily Corvestiens trum Table
m‘&- FYCEEER
b -t ~4 48
¥ -.1 2.9 1.0
T3 soms 2.4 .8
» | ] 9.3 -£4.¢
» = -%.29 -.3
™ s -2.3 .4
e " .13 .2
SOTRN!

1. CIiI3C3IVE67 omevoevicas  sheald be sede fras Tedo
I. e DY iteTpeliatism of the table. - ’

3. Saliaity emrsadtisms resiire determisatiss of emm
GHRL5155, MRS GEadustivity eerTectisl, ad the set-
tiag cf. sacTosted tamperatuse readiage prise t@ sal-
ABLLY SOAIRITURANGS.

3. %88 Of 683 CEIIUIATM sheuld iserease the erTer
W 2% EOWTITHes DY Meas am 10N,

' n SEET L om VIR :

& nmﬁma CeALtAGAs ave sued RS 3 I8 @
GUSRLET GERENETAYICT. CEETPERish’ 18 rogmired. the eell
ton; feature Will ast pETEIrRiY adizate & defestiTe
pes’s,

cal) Calitwstiss and Stasdard Selsutiess
The ‘dell ceastast of & cesdsetivity coll sy very

21400217 34N the smmduetzvity eof the (nletien Buing
esasusad, ~doll ealibrasion aay alse b - aftested OF

I vSI Scientific

te QAlesesity.
78 Qlavosity » ((Saliaity popc <0.0)

€LECTIOBO  13W..2¢. fePiA%ialistive ot
S0eE. A €8il 484 Beter cas de cayipTl.
4 gyetam., Watd TII J14e-)169
Selstions.

tad
it
Cangactivity

731 Candustivity Calidrater Selstiens »-
:.nu tomhaieal Qsswseren d oty
we.

Part Bumber

1se Condugtivity ot ! &
™ 1160 Slles 1000 sicrempe/cn 0!
I 114 Quart 1008 arcremps/cm 0.
3T 3162 tallem 10.000 atevemde/e =
m 18 uare 10.000 maeremae// =
732 1164 tallm 100.000 micTmde/E@m
82 3168 guart 100,000 micrenss/en !
53 167 § Mats 1000 nacremde/mm N
32 1188 § Pists 10.000 jacTee/ 6. !
82 189 § Fats 39,000 ascremde/cs 2!

ter aalibratiss st temweratu:
are AGilwded Wit the Cansactiv. ¢
selstioms.

I8 eusleulsting the cell ceastast 112
tesms. the WNSUrsaiaty of ths sster ca it

bo sdded to the taleranse &f the Csssast: tY
ter Selstien.
™M BN 33 IO ) I WITS 'EI A, .
TN TR

If the salinity esasurensat 15 0 be ased fo
SIETOStINn 68 e 311, the reeding sdeuld de
e teesuls 188

T 3

for thase isstruneats the 0.0) cms bo »~+)--
oguataes simplitise te:

PR/ = (saliaity ia ot 2 197) /1.8

T ion Totines. caie 48307, V.34
DCLAgs, . B84,
Mese: (313) 767-T240  ($09) J43-ER

. AW Sprmgs. ORee 49357 USA * M 313 707-7341 * 09 43P

Item 414N Paxt Bumber 003309 .
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ORT TURAIDIMETERS
QPERATING INSTRUCTIONS
EORKVORD

The -DRT Turbidimeters are continuous reading Nep...!
instruments wvhich measure scattered light froa particles in s s
in a laiquaid. The optical signal 1is stabilized and amp! ¢
energize a Bmeter. The instrusents use solid state ele
components and resist thermal variation and laap aging.

187493

All modes of the DRT Turbidiseter Instruments provide
display of turbidity i1n Nephelometric Turdidity Units. Note th.
{Jasckson Turbidity ‘Jnits), FTU (Formazin Turbidity Units! a:
(Nephelometric Turbidity Units) are coaparable.

The material contained in this sanual will help the users
full sadvantage of the instruments in the wmajority of appl <!
However in event that unusual circumstances or problems not c ¢
this manual arise, please contact your local distributor ¢
manufacturer.

HF scientific, inec.

3082 Metro Pkwy, SE

Fort Myers, Florida 33916-7539
Phone: (813) 337-2118

FAX: (813) 332~-7843

Our engineering staff is available to help you with your =t
needs.

DRT-15C (9/88)



I. SPECIFICATIONS FOR DRT-1$ € 18740

Ranges NTU
Linearity
Ropo.t.btiity
Sensitivity
Ronponli

Power Supply
Controls

Recorder
Output

Reference
Standard

Dimensions

Weight

DRT-15C (9/88)

2 Ranges: 0-20, 0-200 NTU

(¢ or =) 1X of Full Scale on either range
(¢ or =) 1% of Full Scale on either range
0.01 NTU change on "20" range -
Virtually ismediate in all ranges

6 Volt battery. 2.6 sap hours 115/230 VA=, 50/6
Battery Charger

Combination Range Switch for: ON/OFF Range Selec
Reference Adjust

O-1mA adjustable, 100 saximum resistance

0.1 NTU (Nominal)

1° x 9 174" x 8§ 172"
27 cm) x (22.7 ca) x (13.8 ca)

4.5 1bs.(2.05 kilograas)

CAT.S DESCRIPTION

$0083 Instruction Manual

60002 Reference Standard 0.1 NTU (Nomin:
70048 Battery Charger 115 Vv 80 H=

70020 Battery ggnr(or 230 V 60 N3

50050 Cuvettes coaplete with screw top
$0009 Light Shield

70828 Recorder Plug
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Extreme care should be taken vhen handling the chﬁgence it
or sample cuvettes as surface scratches or finger saudges
cause analysis errors. Handle these items by the tep on. .

Turn .the Range Switch on to either range position in 3¢
observe the condition of the battery. When sufficiently <!
the red low battery light will be QFF. 1If the light is X.
battery should be charged a minimum of 12 hours before us.ng
instrument on battery powver.

The battery, when nev¥, usually requires several cycles ¢
charging and recharging in order to obtain optisua rated
between charges. NCTE: The turbidimeter is not seant to <c;
from the charger. lf the battery does not have a su [:

charge, the red low battery light will be QFF.

The turbidimeter provides up to 4 1/2 hours of continucus <c
tion as a pogt.blo battery operated unit between recharge

This unit does pot require any wara up time before taking

ings. It is recomsended that the unit be turned off he
readings in order tc obtain longer battery life between re
es. If used as a stationary unit, leave the charger plugyec
This will keep the battery at an optisua level at all tiges.

DRT-15C (9/88)
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QPERATION AND DESCRIPTION 1874907

The EPA recommends that cuvettes used for instrusent «cal:b
or sasple measuresent be matched or indexed.

For agcurate acasurements in the lov range rotate the cuvet
the well to obdtain the miniaum reading. Mark the cuvette ©
the adhesive dots provided and the inatrusent so that orien
of the cuvette will be ideatical each time it is placed :i:
instrument.

To operate the turbidimeter, switch to the "20" range and
the Reference Standard (0.1 NTU) in the optical well.

With the light shield in place over the well, agjust the !
ence Adjust knob to cause the aeter to read the reference
dard value on the scale. The unit is nowv ready for use in ¢
range.

To sake a seasureaent of a samsple, clean one of the cuvette:
fill to within spproximately 1/2° of top with the sasple.
the top on the cuvette and carefully clean the outside surf:
the cuvette with a lint free viper such as Kiswvipes. Place
sasple in the well and place the light shield over the
Select the appropriate range for best readability.

If the instrument has been subjected to cold (below 10 de
Celsius) and then brought indoors, it should be allowed to
up before use, since condensation may foras on the various l¢
This can be aided by leaving the case open and the instruser
for approximately a half hour.

RECORDER OUTPUT

The DRT-15C is shipped coaplete with a 0-1 mA Recorder Ou
The jack is located on right side of the chassis (refer to <
figure 2). To use, connect the 1/8" ainiplug provided to
recorder. Adjust Rll to obtain a full scale output compatibl
a full scale reading on the DRT-15C. Once this adjustaern
made, the DRT-15C will alwvays be set up for this recorder.

DRT-15C (9/88)
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The critical seasuring area of the sample containers i1s the
wvide band starting 5/8° above the bottos. Keep this ar
and free of scratches or abrasion. Handle by the top ¢
(See Figure 1).

LR

28 4 0.D.

. CQRITICAL
e CUTICLL
A
- }
+
s/8"

Figure 1

DRT-15C (9/88)



VII. CALIBRRATION PROCEDURES 187419
A.  STANDARD PORMAZIN SOLUTIONS

Calibraticon of this instrument is based on Forss
asterial vhich <can be aade by asynthesis and reg
repeatedly within one percent. WVhen properly smixed.
unifora in the nuaber, size and shape of its particle
saking it an ideal turbidity standard. The unit of =
and thus the calibration of this instrusent

Nephelometric Turbidity Units (NTU) based on Formaz:in

Calibration samples say be obtained by diluting F
stock suspension using “Turbidity-Free™ water. F
stock suspension Bmay bde prepared by the user (Re
A.W.W.A., "Standard Methods™, l4th Editior) or it

purchased in kit foram, HF scientific part number 5004

Each kit contains:

-- 1 liter of 4000 NTU Stock Suspension

.- 1 Gallon (3.79 liters) turbidity-free water
- 7 Sample cuvettes {28am), with screw caps
.- Instructions for dilution

.- 1 200 ul Pipette

The following table gives the recosamended dilutions

stock suspension. Qe sure o adequately aix the

suspension prior td remocving a portion for dilutien.

Pipette amount below in sl i
Formazin Standard 200 al flask and dilute . o

Pipettes Required ipn NTU'g with “Turbidity-free water™
9al & lal in 1/100 198 9.9al of 4000 NTU stock suspe:
9al & lal in 1/100 19.8 9.9al of 400 NTU formsazin dil
lal in 1/100 20 0.95al of 400 NTU formazin dil

The equipment reccamended for the above are:

l1-1ml in 1/100 TD pipette, 1-98l TD pipette, 3I-200ml volumetric
The 400 NTU formazin dilution can be made from 1 10:1 dilutioen ¢
4000 NTU stock suspension and should be made prior to making
dards.

NOTE: 1. ¥hen the prepared saaples start to flocculate, they ar
unreliable and fresh ones aust be made. This will occur !
rapidly for the lower value diluted suapensions.

2. The value of "Turbidity-Free” water is approxismately O

This value has been added to low value dilution, i.e., 2.!
includes 0.1 NTU for water.

DRT-18C (9/88)
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The DRT Turbidimeters have been carefully calibrated t
factory. However, should the Electronic P.C. B¢ rc
Phote Detectors, or the Light Source be replaced o 4
carefully prepared Formazin suspensions indicate a ]
recalibration, this s=say be easily accomplished 'n
facility.

. To carry out a complete calibration the following Fo

suspension values are required:

198 NTU , - Fill, cap and label a separate
19.8 NTU cuvette with a sample of each.
& 2.0 NTU

- Always mix the contents of each

cuvette by inverting several tines
before plecing in the Optical Ve!l
for a reading.

- Keep the ocutside surface of
cuvettas clean.

- When placing any standards in the
well, always use the Light Shield
to cover the well in order to ke >
out ambient light.

To gain access to the trimpots, remove the accessories {roc
foaa holder. Refer to figure 2 for trimpot identification ¢

the

1)
2)

3)

4)

§)
6)

ney few steps.

Center the reference adjust control on top of the n
aent.

Insert the reference standard and turn the range concreo
the DRT-15C to the 20 range. Adjust the “Course
trimpot (R2) until a reading of 0.10 NTU is obtained
Replace the reference standard with the 19.8 r
standard and adjust the "20 Range Adjust” trimpot (R7
obtain a reading of 19.8 NTU & 0.1 NTVU.

Replace the 19.8 NTU formazin standard with the r e
standard and adjust the reference adjust contrel teo ¢ .t
reading of 0.10 NTU.

Repeat steps 3 and 4 until no further adjustaer*s
required.

Tura the range control on the DRT-15C to the 200 r.
Insert the 198 NTU formazin standard and adjust the
Range Adjust” trimpot to obtain a reading of 198 ¢ 1 T

This completes the calibration of the DRT-15C.

DRT-15C (9/88)
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=y W)
irmptos
Meter does not respond vhen a sssple is set into the vel!
Poasible Causs

1. Lamp is burnt ocut. Lasp should be replaced.
2. Printed Circuit Board faulty. Replace Printed C.

Board.
3. Battery is dead. Replace battery.

In the case of 1 or 2 the instrument should be recalibrated.
laap is an exceedingly long life lamp and therefore rep! ¢

is infrequent.

Srapton

Reference Adjust knob does not have enough travel to adju t
the reference standard value.

Possible Causs

1. Scratched or rubbed refarence standard container or
reference standard. Replace the standard.

2. Optics have aged. Recalibrate.

3. Faulty lamp. Replace the laap and recalibrate.

Syaptom

The display will not stabilize when the reference standard i3
the wvell.

Posaible Cause

1. Light shield is incorrectly placed over the well.

2. Battery has lost its charge. Low battery light is Q!
battery requires recharging. When the battery is
charged, the voltage will drop off causing the meter dis

to drife.
3. Cold sample causes condensation on cuvette wvhich affec s

light reading being received by the detectors.
4. Unit has not been given sufficient time to stabilize
ambient temperature conditions after a change of te p

ture.

DRT-15C (9/88)
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IX. MAINTENANCE 187413

The DRT-15 is not designed for field servicing. it sac
returned to your local distributer or to H.F. scientific !
service requireaents. The exceptions are Batte ar
Asseably replaceaent. This can be done in the field prov:
nev battery is hooked up in the same manner as the Battery
replaced. -

A.  BRATTERY REPLACEMENT

Should the battery (HF catalog #70008) fail, it can b
replaced. Make certain the instrument is turned off.
all the accessories in the foaa holder. Next, reso
foam holder by placing fingers in the cuvette hol
pulling the rear of the foas forward, then up. Th
phillips head chassis screws should be be reaoved.
the chassis froa the case by sliding the chassis all
to the right thea pulling up. The two screws on the
side of the chassis need to de removed nov. This will
for the removal of the battery clamp and the old b.
Replace the battery by reversing the procedures de:
above. When connecting the battery, be certain th
connect the red wire to the terminal marked (¢) a:
black wire to the terminal sarked (-).

3.  LAMP REPLACEMENT

The lamp source (HF catalog #21084) used in tie DRT-1:
an extremely long life. Before replacing the laap
certain that the battery is not in need of a charge :
not defective. To replace lamp reaove the chas:
described i1n battery replaceaent. Resove the lamp wi:
TBl terminals numbers 9 and 10. To remove the laamp.

the two set screws on the outermost barrel with a 5/6.
wrench and pull the lamp straight out. Replace the l:
the reverse order. Make sure the lamp is pushed all t!
in. The set screws should be snugged up; excess P!
could damage the lamp. Replace the chassis in the cas
recalibrate as described in calibration procedures.

DRT-18C (9/88)
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X. PARTS & ACCESSORIES

60002
50083
50051
21084
70008
70048
$0009
20850
70020
20742
50076
$0040
70900

DRT-13C (9/88)

HF scientific, inc. 187444
PARTS AND ACCESSORIES FOR
DRT-18 C

DESCRIPTION

Reference Standard 0.1 NTU
Instruction Manual {(DRT15C)
Cuvettes - Screwv Top, J/pk
Lamap Source Assesbly
Battery ~ 8 volt

Battery Charger - 118 volt
Light 3hield

Phote Diocde

Battery Charger, 230 Volt
LED Display

Printed Circuit Complete
Formazin Stock Selution Kit
Cuvette Cleaning/Conditioning Solution

HF scientific, inc.

3052 Metro Parkway, S.E.
Fort Myers, FL 33916-75239
Phone: (813) 337-2118

FAX: (813) J32-7843

E-13
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OPERATION AND MAINTENANCE INSTRUCTIONS
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Maintenance Instructions

OM100

Hazardous Waste Filtration System
Cat. No. YT30 142 HW

MILLIPORE




187418

INTRODUCTION

The Millipore®Hazardous Waste Filtration System (YT30142HW, is used in the
toxicity determination of a solid waste in compliance with the Resource
Conservation and Recovery Act (RCRA). This system has been designed to allow
for absolute filtration and separation of solids from liquids by pressure
filtration. The 1.5 L extension barrel; top and b .tom plates; underdrain
support; filter support system; relief valve; and connectors are all construc
of stainless steel. To avoid extraneous contamination from the holder assers
itself, all surfaces of the components (exposed to the test sample) are
Teflon®coated. The TC connections of the inlet/outlet of the system allow “cr
ease ir removal, cleaning, and maintenance.

Cc-2



Hazardous Waste Filtration System
Cat. No. YT30142HW

AVAILABLE FILTERS

HAWP14250
0AWP14250
AAWP14250
AP1512450
AP2512450

0.45um MF-Membrane,
142mm (pk/S0)

0.65um MF-Membrane,
142mm (pk/50)

0.80um MF-Membrane,
142mm (pk/50)

Glass Fiber Prefilter,
124mm, "Fine" (pk/50)
Glass Fiber Prefilter,
124mm, "Coarse” (pk/S50)

(7] [+ ~ (=) o » (™) ~N —
. . .

- — - —t — —t — —
N O e W NN O~ O
L]

C-3

COMPONENTS CATALOC

. Handwheel Knob (3)

T.C. Hose Connector (2)'

T.C. Silicone Gasket (2) 10/pk

. Tri-Clamp® 1 172° (2)
. Vent Valve"

. Assembly Top Plate”

Silicone 0-Ring 4/pk

. Teflon 0-Ring (2)

. Screen Support, 142mm.”

. Underdrain Support'

. Allen Hex Key, 3/16 (not shown)
. Assembly Bottom Plate”

Leg Bushing/Socket Screw (3) 3/pk

. Handwheel Wrench (not shown)

. Literature, O%M (not shown)

. Cylinder, 142mm."

. Cylinder Extension Post (3) 3/pk

*Teflon-coated

ACCESSORIES

T.C.Gasket, 1 1/2" 10/pk
Leg Cap, Rubber 3/pk
0-Ring, Viton® 4/pk
0-Ring, LCR-treated Buna-N 5/pk

PVC Tubing with Clamp, 1/2" X 10’

vy22.

yyazal

Y730,
11a
Xx42¢
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ASSEMBLY OF EQUIPMENT

1.

wn

(¢ 1)

Remove handwhee! bolts from top of unit and remove top-plates of holder
assembly. Install Teflon O-ring in the groove at the base of the
stainless steel cylinder. Examine under-drain screen to ensure that :-e
radial spokes are down. Then replace support screen.

Weigh filters and prefilters to be used or use average weights of 142 M:11::
filters listed below:

Filter Prefilter
AA - 0.73¢g AP2S - 2.64g
DA - 0.79g AP15 - 1.04g
HA - 0.88¢g

Wet filter(s) by floating in pan of deionized water.

Place required filter(s) on base support screen. If more than one filter ¢
required, place HA filter on screen first, followed by the other filter(s) -
increasing pore size (i.e. DA, AA).

Center the stainless steel cylinder (grooved end down) onto the membrane’<)
assure that an even seal is obtained.

b

Install the AP15 prefilter (if needed) followed by the AP25 prefiliter ,rc-
sides up) by lowering through the cylinder top unto the membrane(s). ~he
prefilter nay appear oversized, however, it will abut the sides of the

a» )

htl

cylinder.

Place top plate of the filter holder on top cylinder rim. The red sii:cone
0-ring fitted into groove of plate should seal evenly onto rim. Replace
handwheel bolts to top of unit and screw down evenly and snugly until wrist
tight. Additional tightening must be accomplished by means of plastic w~r 1
provided.

Fit the PVC tubing over the Tri-Clover hose adaptor and secure with hese i:
Attach other end of PVC tubing to a nitrogen tank regulator outlet anc secur
with a hose clamp. Put aside until you are ready for step (2) under "Sar ‘e
Preparation and Filtration Procedure®.
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SAMPLE PREPARATION AND FILTRATION PROCEDURE

Take a representative sample (minimum size 100g) of the waste to be tesec

Using a funnel, pour test material to be filtered into the unit througn :r
Tri-Clamp opening . Attach the TC hose adaptor (fitted with 1 1/2" gaske:
the TC connection of top plate, using the stainless steel TC clamp provice

Place appropriate receiving vessel beiow TC sanitary outlet or attacn °VQ
to TC adaptor and run hose to appropriate container.

Slowly increase pressure on nitrgen tank. When liquid flow begins frem oL
of assembled holder, immediately turn regulator valve handle a few turns
lower pressure. B8leed air from top-piate vent valve slowly until pressure
gauge reads between 10-15 psi. Close vent vaive and (if necessary) readju
regulator valve to set pressure between 10-15 psig. Continue filtration .
flow ceases.

Increase inlet pressure stepwise in IC ps{ increments to 75 psi and contir
filtration until flow ceases. No leaks should be apparent.

Shut off pressure from nitrogen tank regulator outlet valve, then open ver
valve gradually to release pressure from cylinder.

Remove iniet TC hose connector and hardwheel bolts, then remove top piate
extension cylinder of holder.

Keep the liguid fraction under refrigeration at 1-59C (34-419F) for Sutur:
analysis. The liquid should be clear of particulate material.

Remove filters, prefilters, and solid cake material. Prepare the solid
material for extraction by either grinding it (including filters and
prefilters) to pass through a 9.5 mm (3.8") standard seive or by subjeci™
to the structural integrity procedure outlined in the Federal Register.'

*Federal Register, Dec. 18, 1978. Vol. 43, No. 243.

c-5



10.

11.

12.

13.

14.

1§.

16.

Weigh the ground solid material and subtract from tRis tnhe weignt of tre
filters and prefilters that were used, (Step No. 2 under Assembliy of
fquipment). Measure a volume of water at 49C that is equal in weight @
material previously collected. The figure obtained is to be applied :c ' e
procedure in Step (15) below.

Place the solid material in an extractor. Information on a suitable ex:rac
can be found in the Federal Register.”

Add to the extractor a weight of deionized water equal to 16 times the =t g
of the solid material added to the extractor. This includes any water .
transferrina the solid material to the extractor.

[9)

Begin agitation and adjust the pH of the solution to 5.0 = 0.2 using O.
acetic acid according to the methodology stated in the Federal Register.

5
-«

At the end of the 24 (X 0.5) hours extraction period, separate the extracta:
material into solid and liquid phases by repeating above procedures.

Adjust the volume of the resulting liquid phase with deionized water so tha
its volume is twenty times that occupied by a quantity of water at 49C e¢ a
weight to the initial quantity of solid material in step (10) above. Conui
this solution with the original liquid phase in step (8).

The analysis conducted to determine conformance with the toxicity critaricn
must be made with the methods (or equivalent) outlined in the Federal
Register.'

'Fe¢era1 Register, Dec. 18, 1978. Vol. 43, No. 243.

c-6



DISCUSSION 187423

Experience has shown that many waste samples (after extraction) can be filteres
within 20 minutes using only an AP2S prefilter superimposed on an HA (0.45u~. ¢
Some examples include: paper mill effluents, slime muds, secondary sludge, arc
ash.

Primary effluents, such as fibers, may require a combination of an AP1S pre¢-ite
and a DA (0.65um) or AA (0.8um) filter in addit-an to an HA filter %o accaomz’:s-
adequate filtration. In setting up such combinations the filter with the s=a' =
pore size is placed onto the support screen, foilowed by other filters from “:ne
coarse with the prefilter always on top.

Difficult-to-fiTter samples, such as acidified extractions of wood bark, may rec
a full complement of filters.

[f samples appear cloudy after filtration through an HA filter, they should =e
filtered through a GS (0.22um pore size) filter.

CAUTION
—_ Pressure introduced into the system should not exceed 100 psi.

_— A1l flexible tubing used with the system should be able to withstang :zres:
exceeding 100 psi.



FOR TECHNICAL ASSISTANCE

Write: Millipore Corporation
Ashby Road
Bedford, Massachusetts, 01730
C/0 Technical Service

Call: Millipore Corporation
Technical Service
1-800-225-1380

In Massachusetts:
(617) 275-9200

To Place an Order:

Call 800-225-1380 (Toll Free)
And ask for "Order Services".

Millipore is a registered trademark of REV. 4/86
Millipore Corporation, Bedford, MA. 01730

Tri-Clamp and Tri-Clover are trademarks c¢f Ladish Co.

Teflon, and Viton are trademarks of E.l.Dupont de Nemours & Co. Inc.
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Collect Sample - Groundwater sampling will be
conducted by using dedicated bladder pumps or

bailers. Both collection procedures are described
below.

d.a. Bladder Pump - After purging, the air hose
will be fitted to the air 1line nipple on the

bladder pump and the compressor will be turned on.
The discharge rate for the bladder pump should be
set around 100 mls/minute for successful volatile
sampling. This rate will be measured by using a
100 ml graduated cylinder and timing the flow. The
flow rate will be adjusted with the controller
until 100 mls/minute is achieved. Volatile samples
will be collected first. Vials for volatile
analysis will be completely filled leaving no air
space. Semi-volatile samples ' (11 be filled next
followed by the pesticide/PCBs, herbicides, ions,
total metals, pH, specific conductance, tempera-
ture, and total dissolved solids. Dissolved metal
samples will be collected last by placing a 0.45
micron filter in-line. The sample will be
collected into a preserved container.

d.b. Bailer - After purging the well and
sufficient recharge has been allowed, samples for
volatile organics should be collected using the
first bailer volume. Lower the bailer slowly until
it contacts the water surface, and allow the bailer
to sink to the desired depth and f£fill, with a
minimum of surface disturbance. Slowly withdraw
the bailer, taking care to prevent contact of the
bailer line with the ground. Slowly discharge the
contents into the appropriate sample containers.
Repeat the process as necessary to £fill each

2-37
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container to the required volume. Vials for
volatile analysis will be completely filled,
leaving no air space above the liquid portion (to
minimize volatilization). Check that the Teflon on
the Teflon-lined silicone septum 1is toward the
sample in the caps and secure the cap tightly. If
semi-volatile compounds are to be sampled for,
collect these samples next. Proceed to the
collection of samples for the remaining analyses.
Be careful of all pre-preserved bottles. If acids
are present, open the bottle upwind and away from
the body. All samples for dissolved metals should
be collected last and filtered through a 0.45 um
filter within 15 minutes after collection. A
Millipore filtration system will be utilized for
this procedure. The procedure for Millipore
filtering is as £ "lows:

Assemble the Millipore filtration unit. Assenmbly
procedures can be found in Appendix C.

Using a funnel, pour test material to be filtered into
the unit through the Tri-Clamp opening. Attach the TC
hose adaptor (fitted with 1-1/2" gasket) to the TC
connection of top plate, using the stainless steel TC
clamp provided.

Place appropriate receiving vessel below TC sanitary
outlet or attach PVC hose to TC adaptor and run hose to
appropriate container.

Slowly increase pressure on nitrogen tank. When liquid
flow begins from outlet of assembled holder, immediately
turn regulatory valve handle a few turns to 1lower
pressure. Bleed air from top-plate vent valve slowly

2-38
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until pressure gauge reads between 10-15 psi. Close vent
valve and (if necessary) readjust regulator valve to set
pressure between 10-15 psi. Continue filtration until
flow ceases.

5. Increase inlet pressure stepwise in 10 psi increments to
75 psi and continue filtration until flow ceases. No
leaks should be apparent.

6. Shut off pressure from nitrogen tank regulator outlet
valve, then open vent valve gradually to release pressure

from cylinder.

7. Remove inlet TC hose connector and handwheel bolts, then
remove top plate and extension cylinder of holder.

8. Acidify ° e sample with nitric acid to a pH of < 2. Test
with pH paper.

9. Decontaminate the filtration apparatus as outlined in
Section 2.3.4.

e. Measure Water Level - After samples have been

collected, the well cap should be replaced. Static
water level will be measured again after sufficient
recharge has been allowed (24 hours).

f. Measure pH, Temperature and Specific Conductance =

Follow procedure as outlined in Section 2.3.

g. Custody, Handling and Shipping - Complete the
procedures as outlined in Sections 2.2.2 and 2.2.3.

1528.48 2-39
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